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PREFACE TO THE EIGHTH ENGLISH EDITION 

So many changes were made in the text that it was found best to ] 
the entire book. Much valuable help was obtained from Dr. W. R. 
Schoeller of London, England, who examined the entire book critically 
and suggested many changes as a result of his extensive laboratory 
experience. Dr. Schoeller suggested dropping some of the older pro- 
cedures, which has been done, and also offered some well-tested methods 
for determining columbium, tantalum and certain other elements. The 
Outline of a Course of Instruction ” which was introduced into the 
previous edition has been dropped because the work given to students 
in chemical engineering at the Massachusetts Institute of Technology 
has now been printed in a smaller text on Quantitative Analysis. 
Mr. Charles H. Ross assisted in reading the proofs. ^ 

W. T. H. 

May, 1935 . 




PEEFACE TO THE SIXTH ENGLISH EDITION 


F. P. Treadwell was born in New Hampshire in 1857. He completed 
his education in Germany, receiving the Ph.D. degree at Heidelberg. 
In 1878 he became assistant to Bunsen but left him in 1883 to wo^ 
under Victor Meyer. In 1894 he was made Professor of Analytical 
Chemistry at Zurich where he remained until his death in 1918. 

Twenty years have elapsed since the second volume of the Engli^ 
edition of this book appeared. Numerous changes have been made from 
time to time but now for the first time the text has undergone a com- 
plete revision. Hardly a page has remained unaltered. 

In the main fce methods are the same as those described in the tenth 
edition of the German text but at least twenty per cent of the book is 
unlike the German text. The aim has been to make the methods con- 
form to the best American practice. Particularly with regard to stand- 
ards of mass and volume has this been true. As far as possible the 
work at the German testing bureaus has been replaced by results pub- 
lished by the Bureau of Standards at Washington. This attempt 
to follow the Bureau of Standards has even led to the adoption of the 
milliliter instead of cubic centimeter. This change has been adopted 
by the principal instrument makers of the United States although not 
sanctioned by the editors of our chemical journals. Most burets, pipets 
and measuring cylinders are now marked in milliliters and it seems 
irrational to tell a student that ml means cc. It is of course more 
practical to define the liter as the volume occupied by one kOogram of 
water under certain conditions than it is to attempt to measure the 
volume in cubic centimeters. It is estimated, however, that the liter 
represents 1000.027 cubic centimeters or one drop of water more than 
the theoretical value. Since this is about as close as the volume can 
be read in an ordinary measuring-fljisk it is easy to sec why most chem- 
ists prefer to use cc instead of ml since all the other nations of the 
world are doing it. 

Before the publishers agreed to publish an English edition of this 
book in 1902, the opinion of several well-known chemists was asked. 
One of the strongest letters in praise of the Treadwell book was written 
at that time by Dr. W. F. Hillebrand, who knew Treadwell personally. 
At Dr. Hillebrand's suggestion, again. Dr. G. E. F. Lundell has now 
carefully read the entire text -of the fifth edition and has offered more 
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than one hundred suggestions based, for the most part, on his experienc 
as an analyst at the Bureau of Standards. Dr. Lundeli has also fui 
nished directions for a number of new methods and for some old one 
that have been altered at the Bureau. 

Besides this painstaking work of Dr. Lundeli, the entire proof ha? 
been read by S. G. Simpson, C. E. Carlson and A. F. Kaupe, all gradu- 
ates of the Massachusetts Institute of Technology. 

Owing to an unexpected demand for the book during the last few 
imonths, it has been necessary to rush the book through the press in 
about one-half the time that had been planned. Probably some typo- 
graphical errors have escaped correction. The editor will be grateful 
i?Srhave such errors pointed out, and any suggestions with regard to 
possible improvements will be welcomed. 

William T. Hall. 

Massachusetts Institute op Technology, 

February, 1924. 
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QUANTITATIVE ANALYSIS 


INTRODUCTION 

I’lui purpose! of a (|UM,iiti(.M,t,ivc iiunlysis is to determine the relative 
quantity of one or more coustituciitH of a compound or of a mixture. 
The imdiiods to he employed depend somewhat upon the nature oiJ^‘ 
subsl,ii,n(!('s to h(! d(!l(!rmin(!(l so that, us u rule, a qualitative analysis 
should pr('e(!(l(! t.h(! (iua.nl itative one. The chemical reactions used in 
(iua.ntitaliv(! analysis ar(', for the most part, reactions which are used 
or can i)(! uscsl as (lualitid.ive t(!sts, and the chemical principles involved 
are th(! sanu'. In (iuan(ita(iv(! ana.Iysis, however, it is necessary to 
measiin! a.(!c.urat(iy the <iuanlity of sample taken and either the quan- 
tity of r(!a,K(!nt naiuired to (!au.se a definite reaction to take place or the 
quantity of oni! of th<! products formed by the reaction. Quantitative 
analysis, thm-efon', dilTers from qualita.tive analysis with respect to the 
n(!e(!ssil.y of making candid measunuuents of materials. Since all chemi- 
cal rescairch is based upon (iua,utital.ive analysis, it is clear that the 
ability to make accurate analy.ses is one of the most important assess 
of (.he chemist, irrespi'ct.ivi! of the field in which he may choose to work 
event, ually. 

1'h(' most imjiortant tool of l.he chemist is the balance by which weigh- 
ings are mack'.* 'fhe lialance used by th(5 idiranist combines the physical 
principles of t.lsi hnau- and the iiendulum (Eig, l.)t The beam, from 
which the smlr pans are suspended, rejiresents a horizontal lever with 
two arms of (‘iiual length, 'fo lie serviceabki, a balance must be accurate 
and scnsilirr. It fullills t.he first iiondition if (1) the arms are actually of 
e<iual lengt h, (2) the point of support (the fulcrum about which the beam 
rotates) lies above t.he center of gravity, and (3) the fulcrum (center 

* Ki.rictly dpeukiag, l.lic hfiliiiu’C ilct.crtiiim's maHscs and not weights. The unit 
of mass is (.h(t gmii and ila^ unit of wnyhl is (.lie ili/na in the iilisolule system. The 
tnaH.s in grams miilliplicd by llic accelcratioii of a falling body due to gravity, gives 
tlu! wciglit ill dynes. ;\t any givi'ti pliici!, tliercfore, t.he weights are proportional 
t.o the masses .so (.hat it is comnion iiracticc (.o neglect the value of gravity and 
speak of a tiriffhl of so many grams. Th(! masses determined by the chemical 
balance ar(‘ indcpcndi'iil. of (lie value of gravity whereas a sjiring balance may not 
show t.h(‘ HiinK* wtdglits for the same massiw at different jdaeeaon the earth's surface. 

t Iteproduced, by perniisHiori, from Catalog No. 8 of Christian Becker, Ine. 

• • • 1 
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knif^dge) and the knife-edges from which the pans are susnendM Ua 
m the sme ptae and are parallel to one another. ' 

The beam of the balance is provided with a lonn oointer whiVt. c, • 
over a fixed scale near the base of the balance case A small TdlsIS 
nut on the pointer, sometimes above and sometimes below the beam 
»rv.s to ,a»e or lower tie center of gravity of the nroving parb S 


Rider Rod Carrier,^ 
Center Knife Edge. 
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means of a frame operated by a 
By turning the milled head 
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and should finally come to rest at the zero-mark. If a small weight is 
added to either pan the beam and the pointer will swing through an 
angle and take up a new position of equilibrium. This new position 
will be the result of the moments of three effective forces — the weight 
of the beam and the weights in each pan. 

The angle a which the pointer at its new resting place makes with its 
original position is determined by the excess weight, p, the length of 
the balance arm, 1, the weight of the beam, g, and the distance, d, be- 
tween the center of gravity and the point of support of the belm. 
Expressed mathematically, 


tan a 


q-d 


The sensitiveness, or sensibility, is measured by the angle a when p 
has a definite weight, usually 1 mg. Since the tangent of a small 
angle is practically the same as the angle, and the tangents of the angles 
that the pointer makes are directly proportional to the number of di- 
visions between the two points of rest on the scales, it is customary to 
regard the sensitiveness or sensibility as the number of scale divisions that 
the zero-point is displaced by an excess weight of 1 mg. 

It follows, then, that the sensitiveness of a balance is directly pro- 
portional to the length of the balance arms and inversely proportional 
to the weight of the beam and to the distance of the center of gravity 
below the point of support. It is clear also that the observed deflec- 
tion is proportional to the length of the pointer. 

The conditions for maximum sensitiveness are more or less conflict- 
ing. Thus long arms are incompatible with minimum weight. The 
length of arms is also limited by the fact that the longer the arms are, 
the greater the time required for one complete swing of the pointer. 
The weight of the beam also affects the time of swing in the same man- 
ner. On the other hand it is important that the beam should be rigid. 

Long arm balances, although sensitive, possess the disadvantage of 
a long time of swing which renders weighing a tedious process. For 
moderate loads, short arm balances with light beams of aluminum alloy 
are sensitive and fast. 

It is possible to decrease the time of swing by lowering the center of 
gravity, but this makes the balance less sensitive. For ordinary work, 
it is well to adjust the sensitiveness so that 1 mg. excess weight will 
displace the zero-point at least five scale divisions with light loads. 
The center of gravity must always be below the knife-edge or the balance 
will be in neutral or unstable equilibrium. 
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Precautions in the Use of a Balance 

1. The balance should rest upon a firm support which is practically 
free bom mechanical vibration. Direct sunlight should not fall upon 
the balance as it will cause irregularities and errors in weighing. 

2. When not in use the balance beam should always be raised off 
the knife-edges as otherwise these are likely to be injured by jarring. 

3. The beam should always be lowered slowly and carefully. 

4 . The beam should never rest upon the knife-edge while weights or 
substances are being added to or removed from the pans. 

5. The beam may be set swinging by dropping the rider upon the 

or removing it for a moment. It may also be set in motion by 
fanning one pan gently with a motion of the hand, but in no case should 
motion be started by touching the pan or by suddenly lowering the 
beam upon its knife-edge. 

6. All weighings should be made methodically, trying the weights 
one after another in their proper order. 

7. Before making a weight, the adjustment should always be tested. 
The balance is properly adjusted (a) when it is level, (5) when the 
pointer rests at the zero-mark with the beam raised, (c) the pointer 
should swing equal distances on either side of the zero when the beam is 
set in motion with no load in the pans.* If the balance has pan arrests 
which work independently of the mechanism that lowers the beam, 
these arrests should be adjusted so that the pointer is at the zero-mark 
when the beam is on its knife-edge and the pan arrests are in place. 

8. Final adjustment with the rider and all observations regarding 
the swing of the pointer should be made with the balance case closed 
to prevent errors arising from air currents. On leaving the balance, the 
case should always be closed. 

9. The weight of a substance should be recorded, finl, by adding up 
the weights missing from the box (in which every weight should always 
have its own place), and second, by adding up the weights that are on 
the pan. After the final weight has been made, it is convenient to 
make this second addition when the weights are being returned to the 
box. By always checking the weights as a matter of habit, serious 
errors are often avoided. 

10. Substances to be analyzed should never be placed directly upon 
the balance pan but on a watch glass or in a tube. The object should 
not be warmer or colder than the air in the balance case. Air currents 


* Some workers prefer to adjust the balance so that the pointer rests three or four 
divisions to the right with no load in either pan. Of. Brinton, J. Am. Chem. Boc , 
41 , 1151 ( 1919 ). 
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from a hot body make it weigh too light and condensation of moisture 
on a cold body makes it appear too heavy. 

11. Care should be taken not to overload the balance. 

A separate set of weights should be provided with each balance. 
In analyzing a given material, the chemist is required to determine the 
weight ratios of the various constituents. He reports the per cent of 
iron present rather than the weight. It is important, therefore, that 
the weights in any set should stand in the proper relation to one an- 
other and relatively unimportant whether the 10-g corresponds* ex- 
actly to the 10-g weight in some other set. In analyzing ores for precious 
metals, it is customary to weigh out a large sample on a “ pulp balance 
which need not be sensitive to 1 mg. The analysis is finished by w^igi? 
ing a very small fragment of metal on a “ button balance sensitive to 
1/100 mg. Ordinarily, however, all of the weighings used in any chemi- 
cal analysis should be made with the same balance and the same set 
of weights. If a weight is lost or misplaced, a new weight should 
always be tested to see if it bears the proper relation to the other pieces 
in the set. 

Sets of weights used in chemical analysis usually contain a 50-g 
weight and sometimes a 100-g weight. Sometimes the smallest weight 
is 1 mg, but a set need not contain any weight smaller than 10 mg. The 
numbers on the weights indicate grams when the value is 1 g or over 
and milligrams if ' the weight is a fraction of a gram. 

Weights smaller than 10 mg are usually obtained by the use of a 

rider or small piece of aluminum wire which may be shifted to 
various positions on the beam of the balance. The manner in which 
the beam is divided varies with balances of different makes. When 
the rider is placed directly over the knife-edge that supports the right 
pan, it indicates its true weight; and when it is placed at a fraction of 
the distance between middle and outer knife-edges, it indicates that 
fraction of its true weight. Riders as a rule weigh 5, 6, 10, or 12 mg. 
Balances which are made so that the rider can be placed directly over 
the pan suspension usually take a 10-mg rider or a 5-mg rider. Bal- 
ances which are made with the top of the beam rounded off at the ends 
usually take a 12- or 6-mg rider. The larger divisions on the beam 
graduations are always 1 mg apart when the proper rider is used. The 
smaller subdivisions are either tenths or fifths of a milligram. 

The chainomatic balance (Fig. 2) does not require a separate rider. 
One end of a small gold chain is fastened to the balance beam and the 
other end to a hook which can be moved up and down a vertical scale. 
This hook is operated by a milled head outside the balance case on the 
right. Movement of the hook changes the weight of chain that is sup- 
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ported by the beam so that the positions on the scale correspond to 
milligrams. This may be adjusted while the balance is in motion. 

Methods of Weighing 

It is important to keep the pans, beam, bearings and all parts of the 
case clean and free from dust and chemicals. Before starting to weigh, 
see that the balance is properly adjusted, determine the zero-point and 

the sensibility or sensitiveness. 
If necessary, turn the level- 
ing screws at the base of the 
case until the spirit level 
TDack of the pillar shows tlie 
correct position. Note also 
whether the knife-cidges are 
in the proper positions with 
respect to the bearings and 
whether the pointer rests at 
the zero-point of the scale. 
Lower the beam rest, by 
slowly turning the knurled 
knob at the bottom of the 
case in an {inU-clockwise 
direction,* and se(^ that the 
pointer is still al th(^ zca'o- 
point when the pa, ns are mst- 
ing on the pan n^st.s, mak- 
ing the proper adjustments, if necessary. Then with the balance (^ase 
closed, release the pan rests and see that the pointer is (|uiet or moves 
back and forth to equal distances on both sides of the zero-mark. If 
necessary, move the adjustment screw on the end of the beam, but ii; is 
better to allow for a slight zero error, when it is not more than one scale 
division, than to make frequent adjustments. 

The pointer swings as a pendulum and, owing to air n^sistance, is sub- 
ject to a damping, or shortening of the swing, and unless the eye is 
exactly in alignment, there is a parallax error in reading the position of 
the pointer on the scale. The half-way point is best determined l)y tak- 
ing the half-way point of two or more complete swings. A comf)letc 
swing of a pendulum involves a return to the starting place, and the 
measurements will represent complete swings if the final reading is 

* In putting anything on the balance pan or taking anything off, the balance 
beam should always be supported and not resting on the central knife-edge. 
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taken on the same side as the initial reading so that there will be one 
more reading on one side than the other (see Weighing hy Swings). If 
the center knife-edge is sharp so that there is little friction to overcome 
save that of the air, the damping will be slight, and negligible if tlfe 
swing is made short; therefore for ordinary work it is sufficient to take 
the half-way point of a half-swing, with each turning point less than 
five scale divisions from the zero-mark. With these short swings, more- 
over, there is less danger of parallax errors than with long swings. 

After taking the zero-reading, the next thing is to determine the 
sensibility or number of scale divisions that the zero-point is displaced hy a 
load of 1 mg. The sensibility varies with the load,* but it is well to 
know how sensitive the balance is at the start because this knov^lp^e" 
will help the operator to make rapid weighings. 

Rapid Method. — For ordinary work, it is convenient to adjust the 
center of gravity by means of the adjusting nut on the pointer, so that 
a load of 1 mg. will make the pointer have an initial swing of at least five 
scale divisions to the left when the pan rests are carefully released. In 
weighing, note the initial swing when the rider indicates within 0.5 mg of 
the correct weight. Then change the position of the rider so that the ini- 
tial swing is a, little to the other side of the zero-line and note the new 
swing; from these two readings estimate where the rider should be to give 
no swing. This method of making two trials one on each side of the true 
weight is more rapid and more accurate than attempting to place the 
rider where the swings will be exactly the same as in making the zero- 
reading. For very precise work, however, weights should be made by 
the method of swing Sj and corrections should be made for balance arm 
error and for buoyancy due to air. The weights should be carefully 
calibrated. 

Single Deflection Method. — Adjust the balance so that the pointer 
swings 3 or 4 divisions to the right when the pan support is released and 
rests on this side of the zero-reading on the scale. In weighing, add 
weights until this same deflection is obtained on releasing the pan 
support. This method of weighing is rapid but is inapplicable to 
a balance which has a single release operating both beam and pan 
supports, t 

* This is because the center of gravity changes with the load. How this changes, 
depends upon whether the three bearings lie in the same plane or not. As a rule, 
the sensibility is lowered by increasing the load in the balance pans, partly because 
the beam becomes slightly distorted and the center of gravity is lowered, but if the 
three bearings are exactly in the same plane, and the beam is absolutely rigid, the 
center of gravity will rise, but never reach the level of the middle knife-edge, so 
that increasing the load will then increase the sensibility. 

t Brinton, J. Am. Chem. Soc., 41, 1151 (1919). 
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Method of Swings. — First of all determine the zero-reading of the 
balance by setting the beam in motion (without any load in either 
pan), observing and recording the turning-points, or extreme positions, 
of the pointer on the scale of an even number of complete swings and 
take the mean of the readings. The first complete swing may be inac- 
curate on account of the jar in shutting the balance door, etc. Re- 
member that a complete swing starts and ends on the same side, so that 
for an even number of complete swings an odd number of readings must 
be t^en. In order to give the same algebraic sign to all the observed 
readings it is best to number the divisions on the scale from left to right 
from 0 to 20 so that the zero-point in case both balance arms were of 
"e^Efstlength and weight would be numbered 10. It is to be noted that 
when the zero-reading (the point of the scale at which the pointcir rests 
when the balance is in equilibrium with nothing in eitlier scale pan) 
coincides with the zero of the scale, it may change during the course of 
the day, so that disregard of this fact may lead to a considerable error. 
The cause of the displacement of the zero-reading is that the first con- 
dition for the accuracy of a balance is not fulfilled. On account of 
unequal warming the arms become of unequal length. 

The next thing to be determined is the sensitiveness of the balan(;(^ 
for the object to be weighed. For this purpose place the ol)joct in 
the left balance pan and weights in the right pan until ecpulibriuin is 
established as nearly as possible and determine the resf point of the 



pointer on the scale in the same way that the zero-reading was made 
above. Add or remove an additional weight of 1 mg. by nutans of (he 
rider, and determine the rest point again. 

The difference (d) between this and the previous point of rest gives 
the sensitiveness of the balance. Assuming the zero-reading to lie* a-t 
10.22, the first rest, obtained with a load of 19.723 g, to he at 9.80, 
and the rest point with a load of 1 mg less (with a load of 19.722 g) to lie 
at 12.32, then the sensitiveness of the balance will amount to 12.32 
— 9.80 = 2.52 scale divisions. 
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As the zero-reading of the balance was at 10.22 and the rest point 
with a load of 19.723 g was 9.80, it follows that the object was lighter 
than the weights in the right-hand pan, and in fact the excess of weights 
in the pan was sufficient to move the point of rest 10.22 — 9.80 = 0.42 
of a division on the scale. This amount can be calculated from the 
determination of the sensitiveness of the balance as follows; 

Since 2.52 of the scale divisions correspond to 1 mg, then 0.42 of a 

scale division corresponds to = 0.17 mg, or about 0.2 mg. 

The true weight of the body in air is consequently 19.723 — 0.00(^ = 
19.7228* g. 

In making a weighing one should always accustom himself to note^^^:^ 
observations methodically, as follows: 

Assume that a platinum crucible is to be weighed. 


Zero-Reading 

I. Rest Point with Load of 
12.052 g 

11. Rest Point with Load of 
12.053 g 

Left 

Right 

Left 

Right 

Left 

Right 

4.2 

17.6 

5.8 

18.7 

3.5 

15.8 

4.6 

17.1 

6.2 

18.3 

3.8 

15.4 

5.1 


6.6 


4.2 








Sum =13.9 

34.7 

18.6 

37.0 

11.5 

31.2 

Mean = 4.63 

17.35 

6.2 

18.5 

3.83 

15.60 


4.63 


6.2 


S-SS* 







Rnm of hnth Tnfia.ns = 21 QS 


24.7 


19.43 

Mean 

= 10.99 


12.35 


9.71 


Sensitiveness = 12.35 — 9.71 = 2.64 scale divisions. 

12.35 — 10.99 = 1.36 scale divisions. 

1.36:2.64 = 0.5 mg. 

Weight of crucible = 12.052 + 0.0005 = 12.0525 g. 

The sensitiveness of a balance varies slightly with the load. It is 
simplest to determine once for all the sensitiveness for 50 g, 20 g, 10 g, 
5 g, and 2 g, place a card in the balance with the results obtained, and 
use the numbers as required. 

* As most analytical balances will scarcely detect with certainty less than 
mg, the weight is expressed only to the fourth decimal. If the fifth decimal place 
in a calculation amounts to five or more, the number in the fourth decimal place is 
increased one. 
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In this way the sensitiveness of a balance 

with a load of was found to equal the following 

number of scale divisions 
50 g 2.23 

20 “ 2.28 

10 2.64 
5 2.66 

2 “ 2.66 


The determination of the zero-reading, however, must be made with 
every weighing. If a number of weighings are to be made one after an- 
other^it suffices to determine the zero-point at the beginning and at the 
end and to use the mean of the two determinations. With very heavy 
loads, however, the zero-reading should be determined before and after 
each weighing and the mean value used. 


Balance-Arm Error 

Both of the preceding methods of weighing are subject to a constant 
error if the lengths of the balance arms are not exactly the same. Such 
an error can be corrected by the following method of mdireat weighing. 
The balance beam may be regarded as a lever with the fulcrum in the 
middle. In a lever, equilibrium results when the statical moments are 
equal. By statical moment is understood the product of the force and 


I I* 



Fig. 4. 


the length of the lever-arm, and the length of the lever-arm is the per- 
pendicular distance from the axis of revolution (the fulcrum) to the 
line of action of the force. 


Borda’s Method of Weighing by Substitution 

Place the object Q in the left pan and counterbalance or tare it by 
means of shot, sand, or weights. Then remove Q and establish equilib- 
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rium again by placing weights in its place. We have, then, as a result 
of the first weighing, 

Ql = Tk 

and from the second weighing. 


PI = Th 

from which it follows: 

Ql=^ PI 
Q = P 

This method is used chiefly in weighing large objects. 


♦ 


Ratio of Lengths of Balance Arms 

In a perfect balance of the type used in the chemical laboratory, the 
two arms of the beam are equal. Most balances are not perfect and 
there is usually a slight difference in the lengths of the arms. If r is 
the length of the right arm and I that of the left arm, then the true 
weight, wqj of an object is the apparent weight Wa, as obtained by weigh- 
ing it in the usual manner, multiplied by the arm ratio. 


r 

Wo Waj 

If the true weight has been determined for an object of suitable size 
(such as that of about half the load which the balance is designed -tto 

T 

bear) then the arm ratio j can be determined from the above equation 

and used as a correction factor. The ratio should be expressed to the 
fifth decimal. 

Double Weighing 

Place the object Q on the left pan and balance it against weights on 
the right pan. When equilibrium is reached 

Ql = WiV 

when Wi represents the weights used, I the length of the left balance 
arm, and V the length of the right arm. Transfer the object to the 
right balance pan and balance it with weights on the left pan. Then, 
if IT2 represents the necessary weights, 

QV = 1 ^ 2 ? 

Multiplying the first equation by the second one we get 

QHV = WiWJl' or (32 = aad Q = VW1F2 
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If the balance is perfect, Wi will be the same as Wa and with any good 
balance the difference between the two values will be small; in such 
cases the algebraic mean is practically the same as the geometric mean 
so that no sensible error is caused by assuming that the true weight is 

TFi -{- W2 
2 

Reduction of Weighings to Vacuo 

When a substance is immersed in water it experiences a buoyant 
or floating effect. Its true weight is diminished by the weight of 
<p^er that it displaces. In exactly the same way, an object weighed in 
air^gainst brass weights is buoyed up by the air that it displaces, but 
the weights are also subject to the same effect. If brass is weighed in 
air against brass weights, the buoyancy will bo the same on both 
sides of the balance and the weight will be the same in a vanuum as 
in the air. If a material of lower density is weighed against brass, the 
weight in a vacuum will be greater than the apparent weight in air, and 
conversely if a denser material such as gold is weighed with brass 
weights, the weight in a vacuum will be smaller than the weight in air. 

The degree of precision attainable in the buoyancy correction de- 
pends upon the precision with which the volumes and the (kujsity of 
air can be determined. In the case of the weights, several ma,tm*ials 
are used in the construction of every set, but since all wcughings a.r(^ made 
in the air and the values are obtained by coiriiparison in the a.ir witJi 
brass standards, the results obtained should, if tlio sei; is (jomjct, b(^ the 
same as if each piece were made of solid branss,’*' Tlui density of tlu^ air 
varies with the temperature, moisture and carbon dioxitk^ (ioritent, 
barometric pressure, and the value of gravity. Since, however, in 
chemical work relatively small volumes of materials arc used for iho 
weighings, it is not necessary to consider slight variations in tlu^sc 
factors. 

Ordinarily, the weight of 1 ml of air at room temperature is a,ssum(;(i 
to be 1.2 mg,t and the density of brass weights is assumed to l )0 8.0. 

* Although the U. S. Bureau of Standards does certify with respect to dn; aciainl 
masses of some weights that it tests, it also gives tlic value of each 'ivaighl in iernm of 
standard hrass weights when the weighing is made in air under average conditioiis. 
A set of weights should, unless otherwise stated, give values in terms of tlie brass 
standards. The chemist can assume, therefore, in making (correction for th(i buoy- 
ancy of air, that all his weights are made of brass even although some of them may 
be gold or platinum plated or made of German silver or aluminum. 

t For determining the true weights of large masses of materials, as is neescssary 
in some physical experiments, it is necessary to know the density of air with greater 
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If di denotes the density of the object weighed^ the density of the 
weights, p the weight of 1 ml of air, the weight in vacuo, and p the 
weight in air, the weight in vacuo can be found by the following formula 



If the density of air is assumed to be 0.0012, which is accurate to only 
two significant figures, and the density of the substance is given to only 
two significant figures, not more than three significant figures should be 
used in the value of po and p in the parenthesis. In this formula, 
therefore, po can be replaced by p, and we have 



In using this formula, it is customary to express the density of air, p, in 
milligrams, and if the values of p (in grams) inside the parenthesis are 
taken to only two significant figures, the correction can be easily found 
with the aid of the slide rule. In applying this correction to the value 
p it is necessary, then, to remember that the correction is in milligrams. 

Instead of making the computation, the following table of Kohl- 
rausch may be used: 

REDUCTION OF A WEIGHING MADE IN AIR WITH -BRASS 
WEIGHTS TO VACUO 


d 

Ic 

d 

jb 

d 

^ — 

k 

0.7 

+1.57 

2.0 

+0.46 

8 

+0.01 

0.8 

1.36 

2.5 

0.34 

9 

-0.01 

0.9 

1.19 

3.0 

0.26 

10 

-0.02 

1.0 

1.06 

3.5 

0.20 

11 

-0.03 

1.1 

0.95 

4.0 

0.16 

12 

-0.04 

1.2 

0.86 

4.5 

0.13 

13 

-0.05 

1.3 

0.78 

5.0 

0.10 

14 

-0.06 

1.4 

0.72 

5.5 

0.08 

15 1 

-0.06 

1.5 

0.66 

6.0 

0.06 

16 

-0.07 

1.6 

0.61 

6.5 

0.04 

17 

-0.07 

1.7 

0.56 

7.0 

0.03 

18 

-0.08 

1.8 

0.52 

7.5 

0.02 

19 

-0.08 

1.9 

0.49 

8.0 

0.01 

20 

-0.08 

2.0 

0.46 



21 

-0.09 


k = 1.20 



mg. 


If a substance of specific gravity d weighs 


g grams in the air, then g^k milligrams are to be added to the weight in 


precision. Density tables taken from W, Felgentraeger’s Theorie Konstrukiion und 
Gehrauch derfeineren Hebelwage, and Circular No. 3 of the U. S. Bureau of Standards, 
will be found on p. 14. 
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DENSITY OF DRY AIR (MILLIGRAMS PER MILLILITER).— 

Continued 


\t 

6\ 

16° 

17° 

18° 

19° 

20° 

21° 

22° • i 

23° 

24° 

25° 

26° 

27° 

28° 

760 

1.215 

210 

206 

201 

196 

192 

187 

183 

i 

178 

174 

169 

165 

fi 

160 

1 

217 

212 

207 

203 

198 

193 

189 

184 

180 

175 

171 

166 

162 

2 

218 

214 

209 

204 

200 

195 

190 

186 

181 

177 

172 

168 

163 

3 

220 

215 

211 

206 

201 

197 

192 

187 

183 

178 

174 

169 

165 

4 

221 

217 

212 

208 

203 

198 

194 

189 

184 

ISO 

175 

171 

166 

5 

223 

218 

214 

209 

204 

200 

195 

191 

186 

181 

177 

172 

168 

6 

225 

220 

215 

211 

206 

201 

197 

192 

188 

183 

178 

174 

169 

7 

226 

222 

217 

212 

208 

203 

198 

194 

189 

184 

180 

175 

171 

8 

.228 

223 

219 

214 

209 

204 

200 

195 

191 

186 

181 

177 

172 

9 

230 

225 

220 

215 

211 

206 

201 

197 

192 

188 

183 

178 

174 

770 

1.231 

226 

222 

217 

212 

208 

203 

198 

194 

189 

185 

180 

175 

1 

233 

228 

223 

219 

214 

209 

205 

200 

195 

191 

186 

182 

177 

2 

234 

230 

225 

220 

215 

211 

206 

201 

197 

192 

188 

183 

178 

3 

236 

231 

227 

222 

217 

212 

208 

203 

198 

193 

189 

185 

180 

4 

238 

233 

228 

223 

219 

214 

209 

205 

200 

195 

191 

186 

182 

5 

239 

234 

230 

225 

220 

216 

211 

206 

202 

197 

192 

A88 

183 

6 

241 

236 

231 

227 

222 

217 

212 

208 

203 ‘ 

198 

194 

189 

185 

7 

242 

238 

233 

228 

223 

219 

214 

209 

205 

200 

195 

191 

186 

8 

244 

239 

234 

230 

225 

220 

216 

211 

206 

202 

197 

192 

188 

9 

246 

241 

236 

231 

227 

222 

217 

213 

208 

203 

199 

194 

189 

780 

247 

242 

238 

233 

228 

223 

219 

- 214 

209 

205 

200 

195 

191 


air in order to obtain the weight in vacuo. The correction is positive 
if the substance has a density lower than that of brass and negative if 
the substance has a higher density than brass. In using the table, re- 
member that the correction is given in milligrams and the weights are 
usually written in terms of the gram. 

The above table* gives the density of air in milligrams per cubic 
centimeter for air of 50 per cent humidity and for a place where g equals 
981.3 cm per sec. The temperature should be that of the balance case, 
and that of the barometer should not vary by more than 5°. 


Calibration of a Set of Weights 

A set of weights as furnished by the maker cannot as a rule be relied upon closer 
than to 0.5 mg for weighings of about 1 g. For exact work in absolute wei^^ing 
it is necessary to determine not only the relative errors of the weights among them- 
selves but also the absolute error of the set by comparing one of the largest pieces 
with a standard weight. 

Weights are tested by the U. S. Bureau of Standards upon application and the 
payment of a suitable fee. The Bureau of Standards recognizes six classes of weights. 
Class T are ordinary trade weights which are not tested by the Bureau except when 
there is no local authority to whom they can be submitted, or in the event of an 
important controversy. The laboratory weights used for rough weighings usually 
belong to this class. Class C weights are more accurate than those of Class T, and 
the permissible errors are only one-tenth as much. Classes A and B have allowable" 
errors of about one-fifth as much as Class C, but the correction for each weight of 

* W. Felgentraeger, Theorie Konstruhtion und Gebrauch der feineren Hehelwage, 
Cf.flbCircular JJo. 3, U. S. Bureau of Standards. 
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Class A is determined accurately so that allowance for this <‘rror can be ma,de in 
using the weight. 

For the more precise weighings of the chernicail laboratory, w(‘ights of Class S 
should be used. Class M weights are recommended for sci(Mitiflc work of the 
highest possible precision, but when the corrections for (\'i.<*h niernbca- < a, Class S 
set of weights is known, the set can be used with practically (lu^ sanu‘ accuracy as 
a Class M set. 

The analytical chemist rarely needs to know the absolute weight, of anything. 
Almost all his work is expressed in perc'entagcs of an original weight, lakcai. If 
every weight in the box were exactly twice a,s hcvivy as it- is inarkc'd, fiH‘ rc'sults of 
analysis would be the same, provided sucli a set of weights wen; used (‘xclusixaly, as 
if each 'vCeight were correct. The chciinisi, thcwcl'orc, is nnnli more intcrc'stcal in 
^knowing the relation of the weights to one another tlian in knowing th(‘ actual (‘rror 
of any particular piece. A set of weights calibrated in tc'rrns of any wcighi of ihc^ 
set is satii^actory for the purposes of e.xact, ciuajit it alive* analysis. 

The following method of e^alilmiting a, set of we^iidds is that n'l'ornmeaukal i)y 
T. W. Richards. 

The calibration starts with the smalkst weight in the* se't, whidi is assumed h(*r(‘ 
to be the 10-mg piecie. As a iom])ora,ry sta.ndard, it is assum<‘d that <mv of thc'sei 
10-mg pieces is correct and the valuer of eyery othea* picaa* in (he* s{‘t is obtaimal in 
terms of it. The weighings arc l)est maele^ by the^ m(*thod of swings, taking threat 
pointer readings at the left of the zewo-mark on tlui scale; and two on (he* right, 
as described on p. 7. To make sure that thc^ (;orr<a*tjons ohfaiiie‘d are* cejrn'ct to the; 
nearest 0.1 mg it is advisable to ciompute; eamh e*orrc‘(Iion to one* more* <h*cimal place* 
although this last figure will not be; veay a-eauira-t-eu 

Procedure. — Murk the clifTerent weiKht.s (jf (he siitiie (Icnoniiiietioii 
so that they are recognizable, and always kcK^p tlietti in the .sotue order 
in the hpx. Place one of tlu-. 10-nig weights on the left, scale pan and 
counterbalance it with any suitahl(! tan-, taking (-are (hat the rider is 
not too near either end of tlic; .sciah;. Using (lu> method of swings, 
determine the rest point of the pointer and (Jai sensitiveness of th<' 
balance. Replace the first lO-ing w(aght with another of like vahui 
and determine the amount by whicdi tlu- rider must lie moved t.o a(.- 
taii?-the same rest point, recording tlu- dilTenmce to O.OI mg. if (Jk, 
weights are practically the same, as they shonld be, ( liis is best, done „<,(! 
by actually moving the rkhjr but from tho displacement of (he rest 
point as described under weighing by (lie Ma/./wd of (p. S). 

_ If the second weight is found hcavu-r t,han t he first. i(. is gi\-eti a posi- 
tive correction in this comparison. 'To make sure that, the lialance ha.s 
remained in a constant condition during tliis trad, test (he original 
weight again. 

■ Next place the two 10-mg pieces on tho loft ,,a,n and eonn(,.rI,a!ance 
them with a suitable tare. Replace the t.wo small pieces with a ‘>0- 
mg weight and find its value in terms of the (,wo smaller ones Pro- 
ceed m the same way with every weight in the box. 

* J. Am, Chem. Soc., 22, 144 (1900). 
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Assume for the purpose of calculation that the first 10-mg weight is 
correct* and establish the value of all the other weights on this assump- 
tion. The values thus computed are consistent among themselves but 
are usually quite different from the face values of the individual weights. 
This is because the original standard is too small. It is better to as- 
sume that one of the larger weights is correct and, in fact, this may be 
compared with a weight that has been standardized by the Bureau of 
Standards at Washington, although this is wholly unnecessary for most 
purposes. From the assumed, or corrected, value of one of the larger 
weights, compute what the corresponding calibration correction: should 
have been for each of the smaller weights. Thus if the calibration cor- . 
rection for the 10-g weight was found to be +0.01768 g and it is now 
assumed to be correct, the 1-g weight stands in its proper reration to 
the 10-g weight if its calibration correction was found to be +0.00177 g. 
If its calibration correction was found to be less, then the weight is too 
light and a negative correction should be applied in using it. 

The following table shows all the data and the results obtained in a 
typical calibration. In the first column the weights are named by 
their face values. In the second column the calibration values are 
given as obtained with one of the smallest weights as standard of com- 
parison. These values are copied from a notebook in which each de- 

CALIBRATION OF WEIGHTS 


Face Value in Grams 

Calibration Value 

Ideal Calibration Value 

Correction in Milligrams 

0.01 

Temporary Standard 

0.01002 

-0*02 

O.OT 

0.01006 

0.01002 

-f-0.04 

0.01" 

0.01005 

0.01002 

+0.03 

0.02 

0.02005 

0.02004 

+0.01 

0.05 

0.05009 

0.05009 

0.00 

0.1 

0.10019 

0.10018 

+0,01 

O.T 

0.10020 

0.10018 

+0.02 

0.2 

0.20035 

0.20035 

0.00 

0.5 

0.50088 

0.50088 

0.00 • 

1 

1.00183 

1.00177 

+0.06 

2 

2.00383 

2.00354 

+0.29 

2' 

2.00368 

2.00354 

+0.14 

5 ' 

5.00884 

5.00884 

0.00 

10 

10,01768 

10.01768 

Final Standard 

10' 

10.01740 

10.01768 

-0.28 

20 

20.03520 

20.03536 

-0.16 

50 

50.08790 

50.08840 

-0.50 


* Hopkins, Zinn and Rogers, J. Am. Chem. Soc., 46, 2528 (1920), recommend 
checking the observations against standard 50-, 5-, 1-, 0.1-, and 0.001-mg weights. 
This makes it simpler for a beginner and easier to divide the work into several periods 
and also to some extent does away with compensating errors. Double weighing is 
also a little easier than weighing against a tare. Cf. P. Weatherell, ibid. 62, 1938 
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tail of each weighing was recorded. The third column gives the ideal 
value of each weight when the 10-g piece is taken as the permanent 
standard, and the fourth column gives the correction that must be 
applied to each weight. 

Prepare a card from the individual corrections to show tlie corrections 
which should be applied to the usual combinations from GDI to LOO g 
and from 1 g upward, and keep this card in the balance case. In an 
ordinary gravimetric analysis, record tlie weights as follows: 



ObHiM'ved 

Corrorlt'd 

Corr-fctwl 


Woijxhi, 

MilliKi'anj 

Woindit 

Weight crucible + substance 

. .. le.ino.') 1 

f +().:«) 1 
[-O.Olf 

Ih.MlOO 

Weight crucible alone 

... H>.991() 1 

[-1- .Od] 

[-1- .00 f 

lfJ.9‘)17 

Weight of substance 



2.;U92 


The upper correction is that of the weights of 1 g and over; iho lower 
is that of the fractional weights. 


METJIOD OF KOrriJlAtTSC’ir 

The method of Kohlrausch depends upon the {us.suinpth)n f.liat t.hc sum of the 
50, 20, 10, 10', 5, 2, 1, L and 1" piec^cs is exactly 100 g. It is h(^sf, to weigh by th(^ 
nethod of surings, and correction for unequal hala-nco nrins should injuh^ by double 
oeighingj weighing by substitution, or by luso of the balance arm. ratio. VVIhuj two 
)r more ^weights of the same denomination are present in the set., tiny shouhl be 
narked so that they may be distinguished from one anot-hor. 

Procedure. — Starting with the largest wesight find i(;s vaiiu. in teniiK 
if the smaller ones, and continvie in tlm smui way wdili all t.hc! other 
?eights of 1 g and over 

- 50 g = 20 + 10 + 10' + 5 H- 2 + 1 + 1' + I" + A mg 

20g = 10+ lO' + ^mg 
10' = 10+ Cmg 
5 + 2 + l + l' + l" = 10+Z)mg 

With the aid of these equations, express the weights in tiwins of the 
10-g piece. 

5 + 2 + 1 + 1' + 1" = 10 g +2) mg 
10 = 10 

10' = 10 + . a 

20 = 10 + 10 + C + B 

50 = 10 + 10 + 10 + 10 + 10 +.A +B + 2 (7 +D 
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If it is assumed that the sum of the left-hand members of these last 
expressions is equal to exactly 100 g, then the sum of the right-hand 
members must also equal 100 g. We have 10X10-|-A. + 2H + 4C 
+ 2 D = 100 g, and the 10-g weight itself : 


10 = 10 


A + 2B + 4:C + 2D 
10 


It we let S — Jo , then we obtain 

10 = 10 g - 5 

10' = 10 g - + C 

5 + 2+ l-|-l' + l" = 10g->S+Z) 

20 = 20g-2/S + -B-|-e 

50 = 50g-5;S^ + A + 5-|-2G+Z> 

= 50 g + 4 A 

The sum \ A + B + 2C + B> — bS should equal 0, which serves as 
a test for the accuracy of the observations. 

Now compare the 5-g weight with the 2 -b 1 1' + 1" in exactly 

the same way: 

5 - 2 + 1 + 1' -bl" + a 
2=1+1' +b 

1' = 1 + c 

1 " = 1 -Ad 

According to the preceding work 

.5 + 2 + 1 + 1' + 1" = 10.000 - S + D 


consequently 

10Xl + a + 26 + 4c + 2d = 10.000 - S + D 

and 

tt + 26 + 4c + 2d + ^ — D 


1 = 1.000 


10 


Tj, a + 25 + 4c + 2d + ^ — jD ^ 

If we let s = 77 i ^ , we obtain 


1 

1 ' 

1 " 

2 

5 


= 1.000 - 5 

= 1.000 - s + c 
= 1.000 - s + d 
= 2.000 — 2 s + 5 + c 
= 5.000 - 5s + a + b + 2c + d 


In the same way test the smaller weights until finally the following 
correction table is obtained. 
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TABLE FOR CORRECTION OF WEIGHTS 


50 =50g+M 

20 =20g-2S + B + C 
10 ==10g-.Sf 

10' = 10g-^ + C 

5 + 2 + l + l'+l" = 
10 

0.5 + 0.2 + 0.1-l-0.r 

+A* = 

1 

0.1 

= 10 g - + i? 

= 1 g - /S H-a 

A = 0.1 g — s' ~{- cr 

^ 1 

2 

1 =10g-S + 2) 

5 =5g — 5s + a + 6 + 
2c-\-d 

2 —2 g — 2S + & + C 

1 = 1 g-5 

1' = lg-s4-c 

1" = Ig - s-i-tZ 

0.5 = lg-5.s-'+i9 + 

7 + 26+cr 

0.2 = 0.2g~2.s' + 7 + ,5 

0.1 = 0.1 g - .S-' 

O.r = 0.1 g - + 5 

A = 0.1 g — s' or 

0.05 - 0.5 g ~ 5 .s'^' + 1 + 
■m + 2 « -f 0 

0.02 = 0.02 g - 2 + 

?n 4" n 

0.01 = 0.01 g ~ s" 

O.OU = 0.01 g - .s" + ri 
Rider = 0.01 g — s" -f- o 

Sum = 100 g 

10 g - s + n 

1 g — .S‘ -1“ O' 

0.1 g ~ .s' + O' 


* A = 0.05 + 0.02 -1- 0.01 + 0.01 ' + rider on the lO-niK division. 


When weights are tested at the U. S. Bureau of Standards, the de- 
sired accuracy is shown by the following table. 


Denomination 

Precision of 
Corrections 

Tolerance 

Denomination 

Procision of 
Corrections 

Tolerance 

kg 

0.1 ® 

mg 

mg 

mg 


20 

100 

500 

0.01 

0.05 

10 

0.01 

50 

200 

0.01 

0.05 

5 

0.01 

30 

100 

0.01 

0.05 

2 

0.01 

10 

50 

0.01 

0.03 


mg 


20 

0.01 

0.03 

1 

5 or I 

5 

10 

0.01. 

0.02 

g 




0.01 

0.02 

• 500 

1 

3 

2 

O.OI 

0.01 

200 

1 

1 

1 

O.Ol 

0.01 

100 

0.5 or 0.1 

0.5 

0.5 

0.01 

0.01 

50 

0.1 

0.3 

0.2 

0.01 

0.01 

20 

0.1 

0.2 

0.1 

0.01 

O.OJ 

10 

0.05 

0.15 




5 

0.05 

0.15 




2 

0.05 

0.10 




1 

0.05 or 0.01 

0.10 





Weighing Samples of Factor Weights. — In a busy lal)oratory it is 
often desirable to weigh out samples in such a way that the results of 
the analyses are known with as little computation as possible. Thus 
if the iron content of a sample weighing 0.6994 g is determined by weigh- 
ing ferric oxide, Fe 203 , the percentage of iron, Fe, is exactly 100 times 
the weight of the oxide. If 1 ml of standard hydrochloric acid will 
neutralize 0.028 g of pure sodium carbonate, then the percentage 
purity of a sample of sodium carbonate, containing no other substance 
of basic nature, will be just twice the number of cubic centimeters of 
acid used in the analysis of samples weighing 1.4 g. In every technical 
laboratory, therefore, the chemist has to learn to weigh out rapidly 
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samples of specified weights. If the sample is a dry powder, unaffected 
by contact with the air, it can be weighed out on a watch glass. It 
is convenient to have a pair of counterpoised watch glasses for this 
purpose, i,e.j a pair of watch glasses which weigh so nearly alike that 
they can be balanced with the aid of the rider. 

Place on the left balance pan the watch glass which is to hold the 
substance and on the right pan place the tare of the watch glass and 
additional weights amounting to the desired quantity. With the aid 
of a small spatula, or a palette-knife, transfer some of the pow^pr to 
the watch glass in the left pan, until the pointer swings to the right 
with the beam lowered slightly so that the pointer can swing but a little 
way. Raise the beam, remove a little of the powder, and, witia the 
beam again lowered a little, add more powder by tapping the spatula. 
By repeating this process once or twice and finally testing with the 
balance beam altogether lowered, it is possible to get any desired weight 
within one or two tenths of a milligram. In chemical work it is a waste 
of time to try to make the original weight much more accurate than the 
rest of the analysis. Thus in determining the carbon content of a 
sample of steel with approximately 1 per cent of carbon present, the 
results of duplicate analyses with equal weight samples would be con- 
sidered satisfactory if they indicated 1.00 and 1.01 per cent of carbon. 
In other words, errors arising from lack of homogeneity and inaccuracies 
in the method of analysis may easily amount to 1/100 of the total carbon 
content. An error of 0.01 g in the weight of a gram sample of the steel 
would be no greater than the allowable error of the analysis. In weigh- 
ing out the sample, therefore, if the weight is accurate to the nearest 
centigram the error is less than that of the remainder of the work. On 
the other hand, in determining the chlorine content of a sample of salt 
weighing about 0.25 g it is important to get the weight to the nearest 
tenth of a milligram because the chlorine determination can be accom- 
plished with an accuracy of one part in one thousand with samples of 
this size. 

Reliability of a Result.* — In order that the result of any measure- 
ment may be of scientific or technical value, it is desirable to have some 
numerical estimate or measure of its validity. By the accuracy of a 
result should be understood the degree of concordance between it and 
the true value of the quantity measured. The true value is not usu- 
ally known so that it is not always possible to obtain a numerical meas- 
ure of the absolute accuracy of a measurement or analysis. By the 
'precision or precision 'measure of a result is understood the best numer- 

* The following discussion is based upon H. M. Goodwin’s Blements of the Precision 
of Measurements. 
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ical measure of its reliability after all known sources of error have been 
eliminated or allowed for. 

When any quantity is measured to the full precision of which the 
instrument or method is capable, it will usually be found that the 
results of repeated measurements do not agree exactly. Thus in the 
analysis of pure salt, the chlorine content will not always be found to 
be exactly 60.66 per cent although we may have reason to believe that 
this is the correct value. 

Al^ that we can hope to obtain from experimental data is the most 
probable value of the quantity or quantities in question. The branch 
of mathematics which treats of the general problem of the adjustineiit 
of er^^rs of observation so that their effect upon the final result is re- 
duced to a minimum is called least squares. According to the theory, 
the most probable values of a series of related observations are those 
for which the sum of the squares of the errors is a minimum. Here 
is not the place to go into the details of the mathematical proofs of 
the method of least squares, but it is important that every chemist 
should keep constantly in mind certain deductions that have been made 
from such studies. 

In a series of observations , all of which possess a7i equal degree of proh- 
dbilityj the most probable value of the quantity is the anthnuiiml memi. 
Since the true value of the quantity is not known in most cas(',s, the 
error of each determination and of the mean c.annot be (l(d;(U‘miTUMl. 
It is possible, however, to state how far eacli observation (liffers from 
the mean value, and from these differences tlie probable dmiatlon of the 
mean can be estimated. The average deviation of tlui mearq usually 
designated as ad, is determined by dividing the sum of tlu^ devialiions 
from the mean by the number of determinations mad(i. Th(^ ad may 
be regarded as a numerical measure of the amount by wliich a new 
observation is likely to differ from the mean value, m. 

Since the mean has a higher degree of probability than any single 
observation, it should have a smaller deviation from th(i t-ruth. It 
can be shown that an arithmetical mean computed from 7 i. (ujually 
reliable observations is \/n times as reliable as any one obscawation. 
The deviation of the mean is usually denoted as AD. According to 
the statement just made, 

AD = 4- 

Vn 

A little study of this expression shows that it does not pay to in(!reasc 
the number of observations beyond a certain limit as the time and labor 
involved soon become excessive. 
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It is probable that more than half the time spent on chemical and 
physical computations is wasted owing to the retention of more figures 
than the precision of the data warrants. The habit should be acquired 
of rejecting at each stage of the work all figures which have no influ- 
ence on the final result. In the following rules for computation the 
term digit denotes any one of the ten numerals including the zero, and 
the term significant figure is any digit which denotes or signifies the 
amount of the quantity in the place in which it stands. Thus a zero 
may or may not be a significant figure. When it is used merely to 
locate the decimal point as in the values 1000 and 0.001, the zero is 
not a significant figure, for the position of the decimal point is deter- 
mined solely by the unit in which the quantity is expressed. T^ere 
are two significant figures in the value 2.5 mg even when it is written 
0.0025 g. The number of decimal places in a result has in itself no 
significance in indicating the precision of a measurement. The state- 
ment that the results of an analysis agree within 1.2 mg gives no idea 
of the precision unless the entire value is known. A fractional or per- 
centage precision measure, on the other hand, gives a definite idea of the 
precision of the measurement as it involves both the value of the quan- 
tity and its average deviation. 


Rules for Computations 

Rule I. In rejecting superfluous figures, increase by 1 the last fig- 
ure retained if the following figure (that has been rejected) was 5 or 
over. 

Rule II, In all deviation and precision measures retain two, and 
only two, significant figures. 

Rule III. Retain as many figures in a mean result, and in data, 
as correspond to the second place of significant figures in the deviation 
or precision measure. According to this rule, two places of unreliable 
figures are retained in data so that accumulated errors due to rejections 
in the course of computation will not affect the first place of uncertain 
figures. Or, looked at from another point of view, the last figure may 
be regarded as quite unreliable but the next to the last significant 
figure should not vary by more than one or at the most two units from 
the mean. 

Rule IV. The sum or difference of two or more quantities cannot 
be more precise than the quantity having the largest deviation. In 
adding or subtracting quantities, find the ad of each and retain in 
each quantity as many places as correspond to the second place of sig- 
nificant figures in the quantity with the largest deviation. 
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Rule 7. In multiplication or division, the percentage precision of 
the product or quotient cannot be greater than the percentage pre- 
cision of the least precise factor entering into the computation. Hence, 
determine the percentage precision of the least reliable factor. If this 
is about 10 per cent or better, use three significant figures in each factor 
of the computation and in the final result. If 1 per cent or better, use 
four significant figures in each factor of the computation and in the 
final result. If 0.1 per cent or better, retain five significant figures. 

F^r computations involving a precision not greater than about 0.25 
per cent use a 10-inch slide rule. 

Rule VI. In carrying out the operations of multiplication and di- 
visiQp by logarithms, retain as many places in the mantissa of the log- 
arithm of each factor as are properly retained in the factors themselves 
under Rule V. 

In ordinary chemical work the percentage precision of the result is 
often less than 0.1 per cent. Thus, in the determination of the chlorine 
content of a sample of pure salt weighing about 0.2 g, clieck values of 
60.60 and 60.72 per cent chlorine would usually be considered satis- 
factory. This corresponds to a percentage precmon of 0.12 part in 
61.0 or 0.2 per cent. According to the above rules, only four figures 
should be retained in all factors entering into this conipiit.'ifion, and 
four-place logarithms should be used. In the computation, the mo- 
lecular weight of silver chloride should be taken as 143.8 instcaxi of 
148.34. If, on the other hand, a series of determinations all gave values 
ranging between 60.63 and 60.69 per cent chlorine, one would be justi- 
fied in keeping five significant figures and using fiv(i-phu;e logarithms*, 
This would not necessarily mean that the original wcnght of the salt 
and the final weight of the precipitate would have to be (jarrkKl out In 
five significant figures because an error of 0.0002 g in about 0.2 g of salt 
would only correspond to 0.1 per cent of the entire weight. would 
be justified, however, in recording the weights to five decimal pla-cc^s, 
using the method of swings. 

For most chemical work, four significant figures are sufficient. In 
some cases, as in the determination of sulfur in steel, or in the conveu'sion 
of spiall volumes of a solution (less than 1 ml) into an (Hpiivjihnit vol- 
ume of some other solution, only two significant figures should l)e used. 

Filtration and Washing of Precipitates 

How large should the filter be, and how many times should the pre- 
cipitate be washed? 

With regard to the second question it is evident that the predpit.ate 
should be washed until the soluble, non-volatile matter is completely 
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removed. It is clear, however, that this point will never be reached 
because a part of the solution always remains on the filter, but it is 
not difficult to make the amount of the dissolved substance remaining 
so small as to be negligible. When the amount of dissolved substance 
remaining on the filter is so small that it could not be detected by the 
balance, the precipitate can be considered to be completely washed. 

The aim should be not only to remove the soluble matter, but also to 
accomplish this with as little wash water as possible. 

No precipitate is absolutely insoluble, so that it is clear that every 
unnecessary excess of wash water causes harm by removing a fraction 
of the precipitate, and the greater the excess of the wash water the 
greater the amount of the precipitate dissolved. 

The amount of wash water to be used depends largely upon the nature 
of the precipitate itself. Amorphous, gelatinous precipitates always 
require more washing than crystalline, granular ones.* As a rule, it 
may be said that the process of washing must be continued until the 
substance which is being washed out can no longer be detected in the 
last filtrate. If the filtrate must be used for another determination, 
it is obvious that it should not be tested too soon. 

Let us assume the filter to hold 10 ml, the solution to drain to the 
last drop from the paper, the amount of the solution held back by the 
precipitate and filter to be 1 ml and to contain 0.1 g of the solid sub- 
stance which is to be removed by washing. 

The filter is filled to the upper edge with wash water and allowed to 
drain to the last drop n times, until not more than 1/100 mg of the sub- 
stance to be removed by washing remains. 

According to our assumption, 9 ml drain off and 1 ml remains behind; 
we have consequently: 


Removed by the 
1st washing, 0.1*9/10 g 
2d 0.1*9/10*1/10 g 

3d 0.1*9/10*(l/10)2g 


There remains after the 
1st washing, 0.1-1/10 g 
2d ‘‘ 0.1-1/10*1/10 g 

3d 0.1-l/10*(l/10)2g 


nth 0.1*9/10-(l/10)”“-ig nth “ 0.1-l/10*(l/10)«-i g 

After washing n times, therefore, the amount removed by washing 
is the sum of the decreasing geometric series of which the first term is 
0.1-9/10 and the constant factor is 1/10. 

* The reason why some precipitates require more washing than others is that the 
degree of adsorption varies as will be explained. 
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If re = 4, the sum of the series is 

2 _ = 0.09999 g 

iV 1 


After the precipitate has been washed four times, therefore, 0.09999 g 
of the impurity has been removed. According to the assumption that 
there was originally 0.1 g of this substance, there remains in the pre- 
cipitate only 0.00001 g, or in other words a negligible amount. 

Consequently, the filtrate should be tested qualitatively for the sub- 
stance to be removed only after the precipitate has been washed four 
times. 

C-ften the washing will be found to have been complete after the fourth 
washing, but as a rule this will not be so, and fnjqiiontly it will be 
found necessary to repeat the operation ten to twenty times. In the 
processes which are described it will usually be stated how far to carry 
the washing. 

Now in order to wash a precipitate with the least possible arnoimi; of 
wash water, it is evident that the size of the filler paper will liavc an 

effect. The filter should be made as 
small as possible, irrespective of 
whether there is litiJe or much liquid 
to filter. The size of the filter tmd 
should he regulated entird’i/ hy the 
amount of the predpilate and not at 
all hy the amount of the liquid to he 
filtered. The mistaJve should not- be 
made, however, of using too small a 
filter. The preci|)ita,t(i should never 
reach the upper edg(', of the pj9)er; 
about 5 mm should remain free, mul 
even then the filter should tiot \k) so 
completely filled as in Fig. 5a. It is better to liave t-he fi}(-(‘r filled 
about as much as is shown in Fig. 55, in order that sufficitmt room is 
left for the wash water. 



Fig. 5. 


The use of too large filters is one of the inexcusable analyt-i(;al errors. 

Adsorption by Precipitates. Whenever Hubstjmc(‘.s a,r(‘ in intimate 
contact with one another there is always a tendency for a slighl- (‘.hange 
in concentration (quantity present in a unit volunuO at the placn of 
contact. This phenomena is called adsorption, and tin? t(irm difihrs 
from the closely related word absorption by rncjaning (^speciaily the 
change that takes place at the exposed surfaces. The 1901 (ulit-ion of 
the Century Dictionary defined adsorption as '' condensation of gases 
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on the surfaces of solids/’ but the term is no longer restricted in this way, 
and there may be adsorption of vapor by a liquid, of liquid by solid, and 
of solid by liquid. Of special interest to the analytical chemist is the 
adsorption from solution by a solid. In cases of adsorption there is 
usually more or less fixation at the surface but sometimes there is a 
tendency for the adsorbed material to penetrate into the adsorbent. 

Since adsorption is primarily a surface phenomenon, it is not strange 
to find that the extent of the adsorption is determined largely by the 
amount of exposed surface. Subdivision always increases the surface 
of a solid. Thus Wolfgang Ostwald* has computed that a cube with 
edges 1 cm long and exposing only 6 sq cm of surface will have 6 sq m 
of surface if broken into 10^^ smaller cubes each with an edge of 4 
(0.001 mm). According to the same author a colloidal solution which 
will pass through a paper filter contains particles of suspended material 
ranging from 0.1 m to 1 mjut (0.001 fx). 

When the adsorbing surface is relatively small, as with the sides of 
a glass vessel or with a small filter paper, errors caused by adsorption 
are usually not serious and it is comparatively easy to wash free from 
the adsorbed material. In crystalline precipitates with large grains the 
errors are not usually as serious as in gels such as ferric or aluminum 
hydroxide. Adsorption is always more or less selective in nature, and 
precipitates tend to adsorb some substances in solution to a much greater 
extent than they do others. In fact, sometimes there is what is called 
negative adsorption^ although this is of less importance than the more 
common positive adsorption which may cause serious errors in chemical 
analysis. It has been shown that aluminum hydroxide will decolorize 
dilute solutions of alizarine and certain other dyestuffs but has prac- 
tically no adsorbing action on emerald green or chrysoidine. Freshly 
precipitated, hydrated aluminum hydroxide and metastannic acid are 
capable of adsorbing large quantities of arsenic acid from solution, and 
it is practically impossible to remove an appreciable quantity of the 
adsorbed material by washing. In all cases that have been studied 
quantitatively, the adsorption is expressed fairly well by the equation 



in which x is the amount adsorbed, m represents the units of adsorbing 
agent, c is the concentration of the solution, A; is a constant, and n is 
greater than 1 but is not necessarily an integer. As a general rule, the 
adsorption by a precipitate is less if the solution is dilute and if the 
precipitate is not allowed to remain long in contact with the solution. 

* Theoretical and Applied Colloid Chemistry. 
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In handling colloidal substances adsorption is not the only thing 
that the chemist has to fear. Most colloids are to some extent rever- 
sible and tend to return to the sol state when washed with pure water. 
The sol condition represents a finer state of subdivision than that of 
the gel To prevent colloidal substances from passing through the 
filter, it may be desirable to wait for some time before filtering, or to work 
with fairly concentrated solutions, to wash with the solution of an elec- 
trolyte instead of with pure water and to keep the mother liquid hot. 

8tnce one of the most characteristic properties of colloids is the size 
of the individual particles, it is possible to obtain under some con- 
ditions almost any substance in the colloidal state. Many clianges 
that have been attributed to chemical action in the past are known to 
be due merely to adsorption effects and to changes in the state of sub- 
division of the substance. It is impossible always to predict how a 
colloid will behave under conditions which have not been tested with 
the particular substance in question. Apparently, very f(w general 
rules can be applied. 

Paper Filters. — Strength, uniform texture, proper porosity, and a 
low ash are the desirable qualities in filter paper for quantitative work. 
A paper of 7-cm diameter should have an ash of less than 0.05 mg. To 
get this low ash, the paper is washed with hydrochloric and hydro- 
fluoric acids. This washing makes the paper sofiicr and more porous 
but weakens it so that it is more easily torn. 

The purpose of filtration is to separate a solid from the licpiid in which 
it is suspended. The pores of the paper must be smaller than (.he par- 
ticles of solid which are to be retained by the fil(;er. Pro(!ipi( 4 it(^s vary 
with respect to the size of the smallest particles, gome, like crystal- 
line barium sulfate or gelatinous metastannic acid, are v(uy finely di- 
vided and require a fine-grained paper. Such filter paper is a slow filter- 
ing medium. Consequently chemists arc accustomed to use different 
grades of filter paper, some which make rapid filters and ot.hers which 
make slow filters but are required for precipitates that are likely t.o pass 
through the pores of a rapid filter paper. 

Funnels are supposed to have an angle of exactly 60°, and the simplest 
way to fold a circular cut paper is to crease it across a diameden* and (lien, 
without opening the paper, make a second fold at right angles to the 
first one. To test the funnel, and this should always be <lone before 
starting to filter, open the filter so that it makes a cone to fit the funnel, 
wet the paper, and see if it fits tightly against the side walls of tlic funnel. 
It is important that it should fit tightly along the iippov (Klgc which 
must always be below the rim of the funnel as otherwise the fiK.cr can- 
not be washed satisfactorily. Pour water into the funnel, and if the 
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filter fits, the stem should fill with liquid.*;" .Jf the stem is too wide, 
this will not always happen. A little grease'^in.'^^stem of the funpel 
will also interfere. If the filter does not 
cone, change the second fold sufficiently to ma£e44.,:^t. “ 

It is convenient to mark the funnel so that it can always be told how 
much the second fold should be changed to make the filter paper fit the 
funnel. It is also well to mark the funnel so that it can be recognized 
as a rapid or as a slow funnel, for funnels vary greatly in this respect. 

The above method of folding a filter paper is the easiest and quiclmst 
but often considerable time is saved in the filtration by folding the paper 
so that liquid passes through it more rapidly. The following method 
of folding a filter accomplishes this end but it is harder to make Ihe 
filter fit tightly to the funnel and there is more danger of having a little 
precipitate get by the filter. 

(1) Fold the paper evenly across a diameter of the circle as in the 
above method. 


(2) Open up the fold and make another at right angles to it creasing 
the paper on the same side as at first. This is done by merely bringing 
the two points on the circumference of the circle that were met by the 
first fold over against one another and flattening out the paper again. 

(3) Turn the paper over and fold again exactly 22|° away from one 
of the first two folds. To get this position, bisect one of the quadrants 
formed by the previous two folds, by merely bringing two creases to- 
gether and flattening out the paper so that a little crease is made on 
the circumference, and make another bisection in the same way. At 
this last mark fold across the paper with the crease on the opposite side 
to that made by the original folds. 

(4) Open up the paper and make another fold at right angles to the 
third fold. Change half of this last fold to make the paper fit the funnel. 

For large funnels a plaited of fluted filter is often desirable. These can 
be purchased already folded but the quality of the paper is not always 
suitable for quantitative work. Swedish filter paper is satisfactory for 
most purposes when the filter itself is not to ' be ignited. This can 
be purchased in sheets and one quarter sheet is sufficient for a large 
funnel. Since all filter paper retains some of the solution poured through 
it so firmly that it is very difficult to remove the last traces of solute by 
washing, it is never wise to choose a large funnel simply because con- 
siderable liquid has to be filtered. To make a plaited filter: 

(1) Fold the filter once along a diameter as in the first method. Do 
not open this fold. 

(2) Make a second fold along the radius as in the first method. 
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to each other, dividing the doubled filter into quarters. This is ac- 
complished by taking half of the straight edge of the once folded filter 
and folding it over to make it coincide with the second fold. In all 
these folds, take care to make them accurately but do not crease the 
paper hard at the center. 

(4) With the paper again folded only once, make a fold dividing one 
of the outside segments into halves and make a fold at right angles to 
this by bringing over the other half of the straight edge, 

"(5) Make two more folds starting with the other outside segment. 

By these seven folds the original circle is divided into IG parts of 
equal size and if the paper is opened, half of the creases will be found 
all on the same side in one half of the paper and all on the other side 
in the other half of the paper. 

(6) With the paper again doubled as it was after the first fold, start 
at the outside, fold over into the first crease and then bring back the 
outer edge so that it is in line with the outer edge of the first crease. 
This makes a subdivision of the outside segment and brings th(i (jrease 
on the opposite side of the doubled paper. 

Without opening this last fold, go into the next crease and again 
come back continuing until the middle fold is reached. 

Start in the same way at the other side of the doubled paper and plait 
toward the center as from the other side. 

In this way the paper will be divided into 32 equal segments. If the 
filter is made from a quarter sheet of Swedish paper, it is not necicssary 
to cut out a circle at the start. When the plaiting is finisluid it is 
easy to tear off the ends of the folded paper so that it will fit int.o the 
funnel, without protruding above the edge, and loavci a nearly circular 
edge. 

Plaited filters are used chiefly when it is desired to filter off a lai'go 
and bulky precipitate and it is not necessary to wash the prec,ipifat.e 
thoroughly. Plaited filters made from Swedish paper filtcu: rapidly 
but are likely to break at the point of the cone. 

It is rarely advisable to use suction with a paper filtcu*. 1410 siudion 
is likely to draw small particles of the precipitate into the porcis of the 
paper and then filtration is usually as slow as or slower than it would 
have been without the suction. If suction is used with a paper filtc^r, it 
should rest iri a filtering cone made of platinum, palau, or a hardened 
parchment filter. 


Wash-Bottles 

For transferring a precipitate to a filter and for washing it, a wash- 
bottle is indispensable. Figure 6 shows a sketch of the type most 
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commonly used. It consists of a flat-bottomed, 750-ml flask fitted with 
a rubber stopper and glass tubing bent so that the mouthpiece and 
outlet tubing are in line. It is best to make 
the outlet tube in two pieces so that the jet 
can be manipulated by moving two fingers of 
the same hand that holds the bottle. The 
nozzle may be made by drawing out tubing 
until a capillary is formed and then cutting off 
to make a stream of the proper size. A 
stouter tip may be made by simply fusing the 
end of the original tubing until it has con- 
tracted to the proper diameter. 

The bend of the long piece of tubing inside 
the flask is made so that this reaches into the 
deepest part of liquid when the wash-bottle 
is inclined slightly as in washing precipitates. 

A bend of the opposite kind is useful for 
washing precipitates out from beakers, when 
the bottle Is inclined in the opposite direction. 

In washing the filter, the stream should always be directed against 
the upper edge of the paper; this is the hardest part of the paper to 
wash. 

For washing with organic solvents that dissolve rubber, a bottle 
with a ground-glass stopper is desirable but it is unnecessary for most 
work in inorganic chemistry. 

Policemen 

Sometimes a little precipitate adheres to the side of a vessel. To re- 
moye it, a piece of rubber over the end of a glass stirring-rod is used. 
This so-called policeman may be made by sticking together the end of a 
piece of rubber tubing that fits the rod tightly, or it may be purchased 
from a chemical supply house. The policeman should not as a rule be 
used for stirring a solution and should not be allowed to remain in 
solutions. 

The Drying and Igniting of Precipitates 

Before a precipitate can be weighed it must be absolutely dry. Those 
precipitates which do not undergo a change of weight on ignition are 
treated as follows: 



Fig. 6. 
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(a) THE PRECIPITATE IS IGNITED DRY 

This method, in which the precipitate is separated from the filter, 
the filter burnt by itself, the ash added to the main part of the precipi- 
tate, and the mixture then ignited to constant weight, is used when the 



d 

Fig. 7. 


ignited substance will be reduced by the burning paper, for example, 
in the case of precipitates of silver chloride, lead sulfate, bismuth 
oxide, etc. 

To perform this operation it is first desirable to dry the filter and 
precipitate at 100®. Wet a common filter, stretch it over the top of 
the funnel, and then gently tear off the superfluous paper. The cover 
thus formed continues to adhere after drying. Place the funnel and 
filter in a drying-closet and dry at 100-105®. When perfectly dry, 
place a weighed crucible upon a piece of glazed paper of alioiit 20 sq 
cm (Fig. 8, left) and carefully shake the dry precipitate into the cruci- 
ble, removing it from the paper as completely as possible by gentle 
rubbing with a platinum spatula. Brush into the crucible with the aid 
of a feather any small particles of the precipitate which may have fallen 
upon the glazed paper (Fig. 8). Small particles of the precipitate will 
still always adhere to the paper, and these must be wcughed. In order 
to accomplish this, set fire to the filter and weigh the ash by itself or 
mixed with the main part of the precipitate.* 

The combustion of the filter, to which small particles of the precipi- 
tate still adhere, is best accomplished by the method proposcul by Bun- 
sen as follows: Fold the filter together so that the precipitate occupies 
the position indicated in the shaded part of Fig, 7 a, and then fold again 
as indicated by 0 and 7 of Pig. 7 to a narrow strip. Roll up the paper 

* By using filter paper which has been carefully washed with hydrochloric and 
hydrofluoric acids, it is permissible to neglect the weight of the ash from the filter 
itself. With an unknown paper it is necessary to determine the weight of the ash 
by a separate experiment and then correct the weight of the precipitate obtained. 
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as indicated by 5 , beginning at i), so that the portion of the filter which 
is free from the precipitate is on the outside. Place the roll in the loop 
of a platinum wire, hold it over the crucible (see Fig. 8 ), and set fire to 
the filter by means of the gas-flame. Take away the flame and allow 



Fig. 8. 


the paper to burn quietly. If carbonized particles still remain, ap- 
ply the gas-flame repeatedly until it is no longer possible to make the 
particles glow any more. (Too strong ignition should be avoided.) 
Add the ash to the contents of the crucible by gentle shaking and the 
final use of the feather. Heat the crucible at first with a small flame, 
and gradually raise the temperature until the prescribed temperature of 
ignition for the given precipitate is reached. Finally remove the flame, 
allow the crucible to cool somewhat, and while still warm, but not 
glowing, place it in a desiccator (Fig. 9). 

After cooling (at least three quarters of an hour for porcelain crucibles 
and 20 minutes for platinum ones) weigh the crucible and its contents. 

Many precipitates (silver chloride, lead sulfate, etc.) are partially 
reduced to metal by the above treatment. As these metals are diffi- 
cultly volatile, however, there will be no loss 
of the metal, only of the anion (chlorine in 
the case of silver chloride and SO 4 in the case 
of lead sulfate). This loss may be readily re- 
placed. Moisten the metal in the crucible 
with a few drops of nitric- acid to dissolve it, 
add a few drops of hydrochloric acid (in the 
case of a silver chloride precipitate), or of 
sulfuric acid (in the case of lead sulfate), and 
after evaporating off the excess of the acid, 
weigh the crucible. The only danger in this Fig. 9. 

method is that in burning the filter the ash is 

heated too hot, so that some of the reduced metal melts and alloys 
with the platinum wire. If, however, the filter paper is rolled up as 
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was directed, there is always some paper free from precipitate between 
the precipitate and the platinum wire, yielding an ash which, although 
its weight is inappreciable, is still sufficient to protect the wire and 
prevent the reduced metal from coming in contact with it, provided it 
is not heated strongly enough to melt the metal. 

Many precipitates (K2PtCl6, etc.) are changed so much by this treat- 
ment that it would be impossible to obtain correct results, In such 
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cases the filter cannot be burnt, but it is previously dried at a definite 
temperature and weighed; afterwards the precipitate and filter are 
again dried at the same temperature and weighed again. 
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For drying precipitates an electric oven with automatic temperature 
control is most advantageous. The regulator can be set at the desired 
temperature which will be maintained indefinitely within a few degrees. 

A gas-heated drying oven is shown in Fig. 10. It is fitted with six removable 
porcelain plates which prevent anj^^ oxide falhng from the metallic closet walls upon 
the substance to be dried, rendering it impure. The upper plate has two holes bored 
in it through which thermometer and thermo-regulator are placed. This upper plate 
is fastened to the top of the oven as follows: A glass rod, provided with a broad rim 
rr and an enlargement at aa, is pushed up through the opening P of the porc^ain 
plate and K of the upper wall, and this is fastened by placing an asbestos ring A 
between aa and K. 

The bottom plate rests upon a heavy iron wire so that it does not come dir^tly 
in contact with the bottom of the closet. As the plates can be easily taken out, it 
is possible to clean them without difficulty. The only part of the apparatus that 
wears out is the bottom; that it is best to have the closet so that the bottom can 
be renewed from time to time without taking the apparatus to pieces. 

Several forms of electric ovens are also in use. These require little attention and 
can be regulated to almost any desired temperature. 

In order to dry the filter, place it in the oven upon a watch glass and 
near an open weighing beaker, bring the temperature to the desired 
point and keep it there, with the help of the thermo-regulator T, for 
I to 1 hour. By means of tongs quickly place the filter in the weighing 
beaker, and allow the latter to remain in a desiccator filled with calcium 
chloride (Fig. 9), for exactly 1 hour. Cover the beaker, remove it 
from the desiccator, allow it to stand in the air near the balance for 
20 minutes, and then weigh. Repeat this heating and weighing in 
exactly the same way until two consecutive weighings do not differ by 
more than 0.0002-3 g. 

Collect the precipitate upon this weighed filter and after drying 
the filter in the funnel at 100° C remove the filter and its contents from 
the funnel and dry in exactly the same way as before. 

The same result is much more simply and accurately accomplished 
by the use of the Gooch crucible. 

As shown in Fig. 11, this is a crucible with a perforated bottom. The 
crucible is provided with an asbestos filter, weighed after drying at the 
prescribed temperature, then the precipitate is filtered off into the 
crucible, which is again dried and weighed. The use of these crucibles 
permits such accurate and rapid work that it is worth while to describe 
the method of using them more in detail. 

Preparation of Asbestos Filters 

Cut some long-fibered, soft asbestos, of the non-hydrated variety, into pieces 
§ cm long, and 4igest with* concentrated hydrochloric acid upon the water-bath for 
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an hour. A good sample of asbestos will then be 
separated into very small fibers. Collect the mass 
in a funnel upon a filter plate, and wash with water 
until free from chloride. Such washed asbestos can 
now be purchased from dealers in chemicals. 

For the preparation of a Gooch filter, shake some 
of the material with water in a flask, so that a thin 
suspension is formed. Stretch a piece of thin rubber 
tubing (Fig. 12) over a funnel and place the Gooch 
crumble T in the opening. The funnel should be 
large enough so that the crucible is suspended by 
the rubber without touching the sides of the funnel. 
Pour enough asbestos into the crucible to produce a 
layer of 1 to 2 mm thickness, place a small filter 




Fig. 13. 

that it can be evacuated (Fig. 13). 


Fig. 12. 

plate (Fig. 11, p) upon this 
layer, and pour a litllc more 
of the asbestos susponsioii into 
the (iruciible. Wash the h'lt 
with water unill no aH})eHtos 
fibers run through, and, in 
order to see them, pom the 
liquid into a small b(‘ak(‘r. 
Usually Hindi a filter is pro- 
pared and used with a gentle 
suction, but in many <!as(‘H it 
filters more rajndly than papiu* 
without it. 

When suction is used it, is 
sometimes desirable to filter 
into a beaker which is plaited 
inside a bell jar arranged so 


T+ • 1.1 *^^1 wugnmg until a constant weight is obfoinod 

I. .s the. to about tOO uU ^ ZS “he 
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crucible (in order to be sure that no asbestos fibers run through) ^ and 
again dry and weigh. If the weight is constant, the crucible is ready 
for the filtration. 

If it is desired to heat the precipitate to a higher temperature, the 
Gooch crucible should be heated inside another crucible or in an air-bath 
(Fig. 14) so that the gas flame does not play directly against the holes 
in the crucible. Electric ovens are 


also made which permit drying at 
temperatures up to 1000°, Fig. 15. 

For many purposes it is preferable to 
use instead of the Gooch crucible a glass 
tube with an asbestos filter. This is par- 
ticularly desirable when it is necessary 
to heat the precipitate in a gas stream. 




Fig. 14. 


Fig. 15. 


The so-called Munroe crucible,* in which the filtering medium con- 
sists of a porous felt of spongy platinum, is a modification of the Gooch 
crucible which permits rapid and accurate work. The felt is prepared 
by igniting a carefully dried layer of ammonium chloroplatinate, which 
has been poured over the bottom of a platinum Gooch crucible in the 
form of an alcoholic sludge while the crucible is held against several 
layers of filter paper. The felt can be shaped to the crucible during the 
ignition and subsequently burnished lightly with a glass rod of suitable 
form. If imperfections develop, the felt should be saturated again 
with chloroplatinic acid, the crucible slowly lowered into a moderately 
concentrated solution of ammonium chloride, washed with alcohol, 
dried, and ignited. On account of the high price of platinum, the 

* C. E. Munroe, J. Anal. Chem., 2, 241; Chem. News, 68, 101. See also W. O. 
Snelling, J. Am. Chem. Soc.y 31, 466, and 0. D. Swett, ibid., 31, 928. The last refer- 
ence gives a table of suitable solvents for removing ignited precipitates from the 
Munroe crucible. 
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present tendency is to avoid its use as much as possible so that the 
Munroe crucible has never been popular. The Norton Company of 
Worcester, Massachusetts, make Alundum filtering crucibles which are 
very rapid but are rather slow to dry to constant weight at low tempera- 
tures. At Jena, Germany, filtering crucibles with sintered glass, porous 
bottoms are made with different degrees of porosity; they can replace 
the Gooch crucible to advantage for most purposes. 

(6) THE PRECIPITATE IS IGNITED WET 

Xhose precipitates which do not suffer any permanent change by 
the action of the products of combustion of the filter may be ignited wet. 
Allow the precipitate to drain as much as possible, and wliile still moist 
place the filter and precipitate in a crucible, with the paper folded so that 

the precipitate is not exposed and so 
that the moisture will be expelled 
through a layer of paper and not directly 
into the air. Place the crucible in an 
inclined position upon a triangle (Fig. 
16 ),* with the cover inclined against the 
upper edge of the crucible and resting 
on the triangle. Direct the flamci of 
the burner against tlie cover, which 
quickly dries the filter, then scon^hes it. 
Before it takes fire, move the flame to 
the back of the crucible and luiat with 
a small flame until all the pap(n’ is (jon- 
sumed without taking fire, then slowly 
increase the temperature until finally 
the crucible is subjected to the whole 
heat of the burner, after which it can 
be heated over the blast lamp if neces- 
sary. 

Always in igniting precipitates care should be taken to raise the tem- 
perature slowly. The object in keeping the flame neax the mouth of 
the crucible at the start is to make sure that the contents of the crucil)le 
are dried from the outside. If the flame were placed at the base of the 

* In Pig. 16 , the inner triangle is platinum wire, the outer triangle is heavy iron 
wire. Triangles of fused silica or of nickel-ohromium alloy arc Huitablc, but since 
platinum alloys with iron, a hot crucible should never be placed in contact with iron 
wire. 
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crucible at the start, there would be more danger of loss by spatter- 
ing. 

As soon as the contents of the crucible are dry, the flame should be 
removed to the base of the crucible; and it is better to use a small flame 
near the crucible than to use a large flame with the crucible raised. 
Care should be taken not to let the paper take fire, except when the bulk 
of the precipitate has been removed from it and is ignited separately. 
When the paper burns rapidly in the crucible there is danger of a slight 
mechanical loss due to the rapid escape of the products of combustion. 

Another procedure for igniting a wet precipitate is as follows: Place the crucible 
containing the precipitate and filter on an asbestos mat or wire gauze, and heat gently. 
Eaise the temperature after all the water has been driven off; and when the paper 
has become charred, and not till then, transfer the crucible to a triangle and com- 
plete the ignition. By this method of drying the precipitate, four crucibles can be 
heated over one burner with a little supervision. 

Too rapid heating of a paper filter may cause two other errors. Often 
the temperature is raised rapidly enough to fuse a little salt around the 
ash of the paper, and carbon inside such a fused coating is hard to burn 
because it is out of contact with the air. This is true, for example, 
of a silica precipitate, which is likely to retain a little adsorbed alkali 
salt. If the precipitate is heated rapidly a little carbon is likely to re- 
main even after long ignition over the blast lamp. 

Another serious error is sometimes caused by an undesirable reduction 
taking place. If the filter paper is smoked off slowly at a low tempera- 
ture it is possible to heat magnesium ammonium phosphate in a plati- 
num crucible without damage to the crucible or to heat ferric hydroxide 
without getting any magnetite formed. 

W’ith the magnesium ammonium phosphate it is quite likely that the 
reduction may be caused by ammonia as well as by carbon. The same 
principle holds, however, for if the ammonia is expelled slowly at a low 
temperature there is less danger of a harmful reduction than when the 
precipitate is decomposed rapidly by strong heating. 

When the price of platinum was low, chemists were accustomed to 
use platinum vessels freely. Thus platinum evaporating dishes, plati- 
num crucibles, platinum filtering cones, platinum spatulas, and heavy 
platinum wire were used in nearly every chemical laboratory. Since 
platinum has become more expensive, the chemist is learning how to 
get along without much of it. Glassware and porcelain are now made 
of better quality and can be used in chemical work without much con- 
tamination. Alloys such as palau or even nichrome are being used more 
and more. Most ignitions can be made in a porcelain or quartz crucible 
as well as in platinum. More time is required to cool these crucibles 
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after they have been heated, but the chemist learns to do something else 
during that time and in the end gets more work done by using a number 
of porcelain crucibles than he used to do with a few platinum ones. 

Palau is the trade name of an alloy containing about 80 per cent of 
gold alloyed with palladium. It melts at 1370°, which is about 400° 
lower than the melting point of platinum. When heated to 1200° the 
loss in weight is less than that of platinum alloyed, as it is likely to be, 
with iridium. A crucible made of this material can be used satisfactorily 
in place of platinum except for fusions with potassium pyrosulfate. 

Rhotanium is a trade name for another series of palladium-gold alloys, 
some of which contain rhodium. These alloys and their advantages 
ha'v^ been described by Fahrenwald.* 

Alundumf represents a refractory form of aluminum oxide. It does 
not fuse below 2050°. Crucibles can be obtained which are similar to 
porcelain crucibles, although they are not well glazed. Other Alundum 
crucibles are made more porous so that they can be used for filtering 
purposes instead of a Gooch or Munroe crucible. Some of them 
make very rapid filters, but it is hard to dry them and errors due to 
adsorption are much more serious than with a platinum or porcelain 
Gooch crucible. 

The Properties and Care of Platinum 

Platinum melts at 1770° but does not soften much until this tempera- 
ture is nearly reached. It resists the action of all common acids except 
aqua regia and solutions containing chlorine. Long conta(;t with acid 
ferric chloride solution is also injurious. It forms alloys with easily 
reducible metals and platinum crucibles are ruined when su(4i alloys arc 
formed. Long contact with hot carbon injures platinum, forming some 
carbide. For this reason a crucible should always be hea,te<] with an oxi- 
dizing flame; the flame should never show a luminous tip, and the top of 
the inner cone should be below the bottom of the heated platinum vesstd. 

Fusion with alkali hydroxides injures platinum, but the metal will 
stand fusion with alkali carbonate. Compounds of phosphorus are 
likely to be reduced by hot carbon, and the crucible is ruined when 
phosphide of platinum is formed. 

Iridium has been used to harden platinum, but the alloy is less resistant 
to the action of reagents than pure platinum and the iridium is vola- 
tilized appreciably by heating over the blast lamp. Even good plati- 
num ware is likely to become frosted by strong ignition but the surface 
crystals which cause the frosty appearance should be fine and evenly 

* J. Ind. Eng, Chem., 9, 590 (1917). 

t 'Saunders, Trans. Am. Electrochem. Soc., 19, 333 (1922). 
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distributed. A poor platinum alloy will often become covered with a 
whitish coating and with brown iron oxide stains. In bu 3 dng platinum 
it is advisable to get hammered rather than spun ware, which is more 
likely to have surface cracks. It is well to specify that no distinct, un- 
even discoloration should result from heating, that treatment with acid 
should show no test for iron after heating 2 hours, that the loss on 
heating at 1100° should not exceed 0.2 mg per hour over a period of 4 
hours, and that 5 per cent of rhodium instead of iridium should be pres- 
ent as hardening agent. 

Handle platinum carefully and avoid bending. Use clean tongs for 
handling hot crucibles and do not let the tongs come in contact with 
melted flux. 

To clean, use chromic acid for removing organic matter, hydrochloric 
or nitric acid singly (never mixed) to remove insoluble carbonates or 
metal oxides. Fuse with sodium carbonate or borax to remove silica 
or silicates and with alkali pyrosulfate to remove metals or oxides that 
resist the action of acids. 

Never heat platinum with the inner 
cone of the Bunsen flame touching the 
vessel; this will cause brittleness. 

Do not heat compounds of lead, tin, 
bismuth, arsenic, antimony, or zinc in 
platinum. Do not ignite sulfides in 
platinum, and avoid heating phos- 
phorus compounds except with great 
care. 

Do not attempt to remove fusions 
with knives, files, glass rods, or other 
hard tools. Use rubber-tipped rods or 
solvents. 


17 . Ym, 18 . 

Polish dull surfaces with sea sand or very fine Carborundum* powder. 

* '' Carborundum is the proprietary name of a special make of silicon carbide 
which is much ij^ed as an j 
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Triangles 

For use with platinum crucibles, platinum triangles are desirable. 
Figures 17 and 18 represent two forms of these. The first is made 
of heavy platinum wire and is intended to rest on the ring of a lamp- 
stand. The second form is made so that it can be screwed on to the 
ring and thus kept in place. 



Fig. 21. 


Figure 19 shows a clay triangle which can be used even for platinum 
crucibles, and Fig. 20 represents a less expensive nichrome triangle, 
This may be used with platinum if it is kept clean and no flux is spilled 
upon it, but there is some danger of staining the crucible with this kind 
of a triangle. 

Triangles of fused quartz are also useful. Figure 21 shows the correct 
and incorrect ways of placing a crucible on a triangle in an inclined po- 
sition. 
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Burners 

Besides the ordinary Bunsen burners which are familiar to all, two 
other types deserve mention. The Tirrill burner is based upon the prin- 
ciple of the Bunsen burner but is an improvement in design. At the 
base of the burner the flow of gas is regulated by a screw which op- 
erates a needle valve, and the supply of air is regulated by screwing the 
tube of the burner up or down and thus allowing more air to enter 
through the holes at the base. 

The Meker burner provides for a similar adjustment of gas and of 
air but the shape of the burner tube is different. The tube is narrow- 
est near the base and widens out at the top. As a result the delivery of 
the gas under pressure into the inverted cone causes a greater reduction 
of pressure within the tube and a greater inflow of air than in other 
burners which do not operate with a blast. There is a more perfect 
mixing of the gas with air and a greater combustion of gas within a 
given space. At the top of the burner tube is fitted a nickel grid and 
the gas burns in a great many small flames with the tip of each inner 
reducing cone about 1 mm above the top of the burner. The many 
small flames unite to give a very hot and highly concentrated flame 
which is oxidizing in character except below the tips of the tiny flame 
cones. A crucible placed just a little above these tiny flames is heated 
nearly as hot as by a blast lamp. 

Distilled Water 

Various forms of stills are in common use. It is important that the 
vessel containing the boiling water should be so separated from the 
condenser that there is little danger of spray entering the latter. The 
boiler may be of any material, but the condensing worm and supply 
pipes should be of pure tin. 

Distillation does not free water from carbon dioxide, oxygen, nitro- 
gen, and ammonia, and supply tanks are likely to become slimy after a 
time. For water analysis and in any work involving the use of water 
free from nitrogenous compounds, it is necessary to distil the water 
a second time with permanganate in the boiler. The first and last run- 
nings are then rejected. 


Transfer of Liquids 

In pouring out a reagent from a bottle never place the stopper on 
the work-bench. Pick up the stopper, hold it between the first two 
fingers of the right hand with the palm up, grasp the bottle with the 
same hand and the palm over the label, and pour from the bottle with 
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the label up so that there is no danger of any liquid failing upon the 
label. It is advisable to cover printed labels with thin coatings of gum 
sandarac dissolved in alcohol. In pouring liquids it is always advisable 
to pour against a glass rod so that none of the liquid is spilt. In re- 
moving the rod do not move it upward and scrape off a little liquid 
thereby. It is well to give the rod a slight downward motion on taking 
it away. 

Reagents and Glassware 

One of the greatest sources of trouble for the analytical chemist is 
the presence of impurities in reagents and the action of solutions upon 
glassware. It is desirable to use the purest possible reagents, but the 
chemist should always take care to test them. Even if the reagents are 
perfectly pure, they often become contaminated by solutions remaining 
in glass bottles. In every analysis, therefore, errors arc likely to arise 
from impurities that were in the reagents or from glassware that has 
been somewhat dissolved. Solutions of strong acids and ba.ses when 
kept for some time in bottles will always give a slight test for silica 
if sufficient reagent is taken for the test. 

Today it is possible to buy glassware which is much less a,cted upon 
by reagents than that formerly used. Sucli glass is csseniJally a boro- 
silicate of sodium, zinc, and aluminum..* 

It is well sometimes to run through blank analyses to s(jo if a.ny weigh- 
able precipitates are obtained when the reagents alone a, re used in an 
analysis. Such analyses are often misleading because the [)i*(^(a’[)itat(^s 
are so small that they may be overlooked or they may be so firu'. that they 
need some other precipitate to adsorb them and prevent their passage 
through the filter. 


The Evaporation of Liquids 

Liquids are usually evaporated upon the water-bath. In order to 
prevent anything from falling into the evaporating-dish it is well to cover 
it with an evaporation-funnel, as shown in Fig. 22. 

The funnel is suspended above the dish by means of a porcelain fork 
fastened to the iron rod (covered with hard rubber) which is attached 
to the water-bath. 

If the laboratory is provided with a glass-covered hood with a good 
draft the use of the funnel is unnecessary. 

If, however, the hood is directly connected with the chimney it oftevn 
happens that on a windy day a considerable amount of dust falls into 

* In But. Stand. Tech. Paper, 107 (1908), the result of some tests on glassware 

are given. Since then several other good glasses have been developed. 

r ^ 
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the hood. To prevent this, the hood in the Zurich laboratory is pro- 
vided with a glass roof, aa, Fig. 23, and about 15 cm below there is a 
second glass plate hb which does not quite touch the inner wall of the 
hood but is about 3 cm away from it 
throughout its whole length. Between the 
two plates there projects a clay pipe 
about 15 cm in diameter and about 5 cm 
above the inner edge of the lower glass 
plate, leading directly into the chimney K, 
in which there is a small gas flame (not 
shown in the illustration). Any dust, sand, 
etc., from the chimney falls upon the plate 
bb; none can get into the hood. 

In the evaporation of liquids on the 
water-bath in weighed platinum crucibles 
or dishes, the platinum should not come in 
contact with copper or glass rings. As a 
rule, porcelain rings should be used. If the 
crucible is smaller than the ring, use is made 
of a truncated brass cone turned back at 
the base (Fig. 245) and lined with thin 
platinum foil. This is suspended in the 
ring and the crucible placed within the 
cone (Fig. 24a). 

During evaporation many substances have 
the property of creeping’^ over the edge of 
the crucible or dish, often causing a slight loss of the substance; 
furthermore, there is often “ bumping,^^ so that in some cases the 
entire contents are thrown out of the crucible (cf. the determination 
of boric acid according to the method of Gooch). Both these phe- 
nomena can be readily prevented as follows: 

Place the crucible, at the most not more than two-thirds filled with 
liquid, in a cylindrical tin or brass spiral kk (Fig. 25). The first two 
windings of the metallic spiral come into close contact with the sides of 
the crucible above the liquidj while the remaining windings should not 
touch the crucible. When steam is passed through the spiral the upper 
part of the crucible is warmed first, so that there is no spattering, and 
furthermore by keeping the upper edge hot during the whole of the 
evaporation all creeping of the substance is avoided. In this way 
it is possible to evaporate off alcohol rapidly without boiling the liquid. 

If it is desired to evaporate high-boiling liquids, such as sulfuric 
acid, amyl alcohol, etc., either heat the crucible cautiously over the 
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free flame (continually moving it back and forth) or else place the cru- 
cible in an air-bath, which can be prepared in some such way as is 
represented by Fig. 26. 

The Finkener tower, Fig. 27, is very useful for evaporating solutions 
to dryness and for heating the residue moderately as in silica determina- 



tions. It consists of a rectangular, sheet metal box with ,s(!veral open- 
ings in which are placed pieces of wire gauze. The casseroh; is placed 
on top of the tower, and the heat is increased or diminished by remov- 
ing or inserting layers of the wire gauze. 


Drying Substances in Currents of Gases 

Substances may be dried at a high temperature in a current of air or 
of carbon dioxide in a number of different ways. An oil-bath provided 
with a number of copper tubes (Fig. 28) may be used. Place the sub- 
stance in a small “ boat,” put this in a glass tube and insert the tube 
into one of the copper tubes. Pass the gas through one or more of the 
empty tubes (so as to warm it), and then through the tube containing 
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If it is desired to evaporate off a liquid in a flask and to ignite the 
residue at a given temperature it is well to proceed as follows : 

Place the solution in an open Erlemneyer flask K, Fig. 29a, and 
evaporate as far as possible over the free flame. Then place the flask 


a 




Fig. 26 . 


a = asbestos ring. 
h — asbestos plate. 



in a metal beaker suspended in an oil-bath (Fig. 29a), and aspirate dry 
air through the spiral copper tube kh as shown in the illustration. 
Figure 296 shows the separate parts of the apparatus. 

Preparation of the Substance for Analysis 

It is very difficult to give general rules for the preparation of sub- 
stances for analysis, for it is necessary to proceed differently in differ- 
ent cases. If it is desired to determine the atomic composition of a 
substance, it .is necessary to choose pure material for the analysis. 
Although this sounds so simple it is often one of the most difficult con- 
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ditions to fulfill. Many substances are hygroscopic and absorb moisture 
from the air, which can be removed by heating the substance or by 
simply allowing it to stand in a desiccator over calcium chloride, pro- 
vided the substance itself undergoes no change by this treatment. 



May substances containing water of crystallization cannot even he 
^ ^ analyzed air-dry. In all cases it is 

rrZt weiyr”* * ”»»“»»’ 

rectly, in most cases, however, they have stood for some time in the 
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air and have been handled somewhat, so that they are not so pure as 
when freshly prepared. Consequently, if it is desired to test the accu- 
racy of an analytical process, the purity of a commercial sample should 
never be taken for granted. If the substance is soluble in water it can 
be purified by recrystallization. 

Dissolve 10 or 15 g of the commercial salt in the least possible amount 
of hot water (it is best to use not quite enough water to dissolve the 
substance completely) j and pour the hot solution through a plaited filter 
contained in a funnel with the stem broken off (Fig. 30). This serves 
to remove all dust or other insoluble impurity. Catch the filtrate in 
an evaporating-dish and cool it rapidly, while stirring constantly, by 
placing the dish in a larger one containing cold water. 

By means of the rapid cooling and constant stirring, the salt is ob- 
tained in the form of a crystalline powder.* Filter off the crystals and 



drain them by suction. A perforated porcelain plate covered with 
filter paper may be used in the funnel, or an ordinary filter may be 
used placed in a perforated filter cone or in a small hardened paper, 
to prevent tearing the paper by suction. Test the purity of the sub- 
stance qualitatively by means of some suitable reaction. If it is still 
not quite pure, repeat the same process of recrystallization until the 
presence of no impurity can be detected. 

Place the pure, moist crystals upon a layer of several thicknesses of 
clean filter paper, cover with another sheet of filter paper, and allow the 
crystals to stand for 12 hours at the ordinary temperature. Then 
weigh out 1 or 2 g of the substance upon a tared watch glass, place it 

* Large crystals would be obtained by allowing the solution to cool slowly, but 
they are undesirable, as they usually contain more enclosed mother-liquor than do 
the smaller crystals. Most water-soluble salts are much more soluble in hot water 
than in cold w^ter. • 
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upon a dry glass plate, cover loosely with another watch glass, and allow 
it to stand for several hours more. If the substance shows no change in 
weight it is ready for analysis. Otherwise it must be dried in the air 
until it no longer shows a change in weight. It is permissible to dry 
in a desiccator only those substances which will not lose water of crystal- 
lization. Deliquescent substances, of course, should not be allowed to 
remain exposed to the air for very long. Such substances must be 
quickly dried upon a porous plate and transferred as soon as possible to 
a flask provided with a closely fitting, ground-glass stopper. 

For technical analyses^ the purpose being to determine the cost or 
selling price of an article or to control its manufacture, the substance 
must be analyzed as it is. The sample should represent as far as possible 
the average composition of the product. 

The selection and preparation of representative samples for analysis 
are matters of so great importance that they have been discussed in 
more than 1200 papers* written since 1892. The quantity of material 
from which the sample for analysis should be taken varies with the 
nature of the material. If it is homogeneous it is merely a matter of 
grinding a portion until it is of suitable fineness. 

The Influence of Fine Grinding on Composition 

The rate at which a substance dissolves increases as the amount of 
surface exposed to the solvent is increased, and for this reason solid 
substances always dissolve more quickly when reduced to a fine powder. 
Moreover, when a material undergoes chemical attack, an insoluble sub- 
stance is often formed and, during the process of solution, the insoluble 
substance may form a protective coating over particles of material that 
have not been acted upon. This danger is diminished if the material 
is in the form of a fine powder. For these reasons the chemist usually 
prefers to grind a solid substance to an impalpable condition before 
attempting to analyze it. 

This practice, though desirable in most cases and absolutely necessary 
in others, is accompanied by certain disadvantages. If the material 
is hard there is always some contamination from the material of which 
the grinding apparatus is constructed. Thus when the sample is ground 
in a steel mortar or in a steel ball-mill, it will be contaminated with a 
little iron, and if ground in an agate mortar with a little silica. f Again, 

* Cf. W. J. Sharwood and M. M. Bernewitz, Bibliography of the Literature on 
Sampling, Bureau of Mines Publication. Serial No. 2336. 

t Hempel {Z. angew. Chem., 1901, 843) found that an agate mortar and pestle 
lost 0.052 g in grinding 10 g of glass to a fine powder. E. T. Allen found a loss of 
0.145 g of agate in grinding 200 g of quartz. 
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if the sample readily undergoes slight decomposition^ such a chemical 
change is likely to take place during the operation of grinding. In 
this way the determination of moisture, of ferrous iron, and of sulfur 
may be influenced very appreciably. 

A number of investigators have pointed out the effect of grinding 
upon the moisture content of a sample. If the sample is practically 
dry, it is likely to absorb considerable moisture when dried in the air. 
Thus Hillebrand* * * § found that a piece of unglazed porcelain contained 
no moisture originally, but showed 0.62 per cent of water when ground. 
If the substance is very hygroscopic, this danger becomes greater. On 
the other hand, grinding often causes loss of moisture. This is notably 
true of substances containing water of crystallization or superficial 
moisture. Thus grinding can easily reduce the moisture content of a 
sample of gypsum from 20 to 5 per cent, and a sample of coal may show 
several per cent of moisture when large lumps of it are tested and very 
little moisture after it is reduced to a fine powder. 

The heat produced by grinding may not only serve to expel mois- 
ture from the sample, but it may even cause chemical change. Thus 
Mauzeliusf has shown, and the experiment has been repeated by Hille- 
brand,f that the ferrous iron content of a rock becomes smaller on 
account of grinding it to a fine powder. It has also been found that some 
sulfur may be lost by long grinding of a sample of pyrite. 

The effect of grinding, therefore, accounts for many divergent results 
obtained by different chemists who have analyzed the same original 
material. 

Sampling a Shipment. — To prepare a representative sample from a 
large mass of material, such as a shipment of ore or of coal, special 
precautions are necessary. It is never safe to take samples from the 
top of a large pile of material, but portions should be selected from all 
parts. The easiest way to do this is in the loading or unloading of the 
shipment, taking out portions at regular intervals either by a shovel, 
trowel, or mechanical sampler. In sampling coal, the United States 
government § takes, as a rule, 1000 pounds from each shipment of 500 
tons or less. The size to which ore must be crushed for sampling de- 
pends If on (1) the weight of material given to the chemist from the ship- 
ment, (2) the relative ratio of the richest mineral value and the average 

* The Analysis of Silicate and Carbonate RockSj Bull. 700, U. S. Geol. Survey. 

t Sveriges Geol. Undersokning, Arsbok 1 (1907). 

t J. Am. Chem. Soc., 30, 1120 (1908). 

§ G. S. Pope, Methods of Sampling Delivered Coal, Bur. of Mines, Bull. 116. 

f D. W. Brunton, ^'The Theory and Practice of Ore Sampling, Trans. Am. Inst. 
Min. Eng., 26, 827 (1895).^ 
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value of the ore, (3) the density of the richest material, and (4) the num- 
ber of particles of the richest mineral. The more spotty ’’ the ore 
the larger must be the original weight selected. The results of Brim- 
ton^s work show that it is necessary to crush the sample before cutting 
it down ” and advisable after each cutting to crush it still finer. 

Crushing the Sample. — After enough material has been taken from 
a shipment to guarantee a representative sample, the next operation 
is to crush it so that the largest particle is not larger than a certain 
definite size. Thus with a sample of coal weighing 1000 pounds, it is 
all broken up so that the diameter of the largest piece is not over one 
inch. This may be done by a mechanical grinder* or by hand with an 
iron tamping bar or sledge. In mineral analysis, where smaller samples 
are usually taken, samples are often broken up by pounding on a hard- 
ened steel surface with a hardened hammer of the best tool steel, j 

Mixing and Coning. — To mix the sample, it is customary to shovel 
it into a conical pile. Each shovelful should fall upon the apex of the 
cone, the material should be thrown so that the cone is not pushed 
away from its original position, and the shoveler should walk iiround the 
cone as he shovels. This serves to bring the finer matxuial near the 
center of the pile, and the coarser pieces run down the sides. Of tlie 
first cone usually one half is rejected. This can be done by sliovoling 
away the cone from the bottom, while walking around the cone, and 
rejecting every other shovelful. Or the cone may be flattened and 
quartered. 

Quartering. — The top of the cone is flattened out and divided into 
quarters. Opposite quarters are taken for the next crushing. 

The mixing, coning, quartering, and crushing should continue until 
finally a sample of 100-200 g is obtained. When the samples are small 
enough, the mixing is best done on a sheet of ghized pa,p(u*, rubber, or 
oilcloth. A corner of the sheet is lifted and drawn across, low down, 
in such a way that the material is made to roll over and over and does 
not merely slide along. The sample should be rolled back and forth 
along each diagonal for 100 times or more. Then the sampk*. may 
be spread out into squares and a little taken from each square. In 
weighing out an ore it is always well to mix it by rolling back and 

* W. F. Hillebrand, The Analysis of Silicate and Carbonate Rocks, U. S. Geol 
Survey, Bull 700. 

t Mechanical grinders should be made of specially hardened steel and should ho 
built so that they can be kept clean easily. For laboratory grinding, a modified 
McKenna ore grinder has been recommended by Hillebrand. (Bull 700, U. S. 
Geol. Survey.) A picture of this grinder will be shown later. See Analysis of 
Silicates. 
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forth unless it is extremely fine, when it is not likely to segregate on 
standing. Segregation takes place when particles are of different si^es 
and densities. 

If in the sifting of an ore, metallic particles are left on the screen, it 
is necessary to analyze these particles separately and make a proper 
allowance in the final calculation. It is necessary then to know the 
weight of the entire sample and the weight of metal that does not pass 
through the screen. 

In sifting samples, wire screens are commonly used, but inasmuch as 
a little metal is introduced into the sample, it is better to use silk bolt- 
ing-cloth. 

The cutting, or dividing, at the several stages of the sampling process 
is best done by mechanical means. Some machines, of the riffle type, 
constantly deflect a part of the material that passes through them. 
Others, which for some purposes are more desirable, change the direction 
of the fall of the ore at regular intervals. Buckets are constructed so 
that, as ore is poured into them, half of it is retained and half rejected. 
Split shovels, consisting of a series of parallel troughs with equally 
wide spaces between them, are made of various sizes. The ore retained 
by the shovel, or that which passes through, may be taken for the 
sample. In using such shovels, of which the smallest size is useful for 
weighing out samples that are not perfectly homogeneous, allow a thin 
stream of ore to fall back and forth over the riffle. The distance be- 
tween riffles should be at least three times the diameter of the largest 
particles of ore. 

In sampling metals and alloys it is necessary to remember that they 
are seldom homogeneous. During solidification the part that solidifies 
last is usually different from that which first separates on cooling. As 
a rule, the outside of an ingot solidifies first and some of the impuri- 
ties are likely to be concentrated or segregated in the interior. In the 
case of a steel rail, microscopic examination often shows that the head, 
the foot, and the web are not exactly the same. The sample used for 
analysis should consist of borings taken from all over the rail, or, better 
still, it should be obtained by planing over the entire cross-section. 
A macroscopic* survey of the entire cross-section after it has been 
treated with a suitable etching agent, such as an 8 per cent solution of 
cupric ammonium chloride or a 6 per cent solution of iodine in alcohol 
for steel specimens, will often show where segregation has taken place. 
When metals break under strain, the crack usually starts at some place 

* Magnifications of less than 10 diameters are often classed as macroscopic, 
although strictly speaking, they are not included in an exact definition of the term. 
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where the material is defective, usually owing to a little enclosed slag. 
The analysis of the entire material will often fail to indicate a defective 
material, and the cause of the fracture can be shown only as a result of 
metallographic examination of polished specimens under the microscope 
and the chemical analysis of portions where segregation has been re- 
vealed by the microscope.* 

* Cf. Hall and Williams, Chemical and Metallographic Examination of Iron, Steel 
and Brass. 



PART I 

GRAVIMETRIC ANALYSIS 


A. GRAVIMETRIC DETERMINATION OF THE METALS 

(CATIONS) 

METALS OF GROUP V 

POTASSIUM, SODIUM, LITHIUM, AMMONIUM, AND MAGNESIUM 
Potassium, K. At. Wt. 39.096 
Forms:* KCl, K2SO4, K 2 PtCl 6 , and KCIO4 
1. The Determination as Chloride 

This compound is chosen for the determination of potassium when it is already 
present as such, or if the salt to be analyzed may be changed to chloride by evaporar 
tion with hydrochloric acid. If the potassium is present as sulfate it may be trans- 
formed to chloride by precipitation of the sulfate with barium chloride (see Silicate 
Analysis); if it is present as the phosphate, the phosphoric acid may be precipitated 
as basic ferric phosphate (Vol. I); or, finally, if it is present as chromate the CrOr 
ions may be reduced to chromic ions by evaporation with hydrochloric acid and 
alcohol and then precipitated by ammonia and filtered off. 

In almost all these cases it is a question of separating the potassium chloride from 
the aqueous solution and usually of separating it from ammonium chloride as well. 

Procedure. — Evaporate the solution to dryness on the water-bath 
in a platinum or thin porcelain dish, stirring frequently as soon as the 
salt begins to separate out in order to hasten the evaporation of the en- 
closed water. In spite of long-continued heating and continual stirring, 
however, it is not possible to expel all the water enclosed within the 
crystals; to accomplish this, heat the covered dish in a hot closet or 
drying-oven for at least an hour at 130-150°. Then remove the watch 
glass and heat carefully over a small flame until no more vapors are 
evolved, taking care not to heat too strongly because of the danger of 
volatilizing some potassium chloride. Usually there is a little carbon 
in the residue, due perhaps to a little pyridine in ammonia used in the 
analysis. Treat the residue with a little water and filter through a 

* Under this heading will be given in every case the symbols of the compounds 
suitable for thejieterminatjon of the element in question. 

55 



66 


GRAVIMETRIC ANALYSIS 


small filter into a weighed crucible or dish, preferably of platinum. 
Add a few drops of hydrochloric acid, carefully evaporate to dryness, 
and remove the last traces of moisture by drying and heating as before. 
Cool, weigh, and repeat the heating until a constant weight is obtained. 

In all the methods of gravimetric analysis described in this book it 
will be understood that when a crucible is '' heated '' and '' weighed '' 
the operations should be repeated to see if the weight is constant. As 
a general rule, a weight may be regarded as constant when it agrees 
within 0.3 mg with the previous weight or when the difference is less 
than one-thousandth part of the entire weight. 

The above method of analysis is capable of yielding exact r(\sulis and 
is suitable to give beginners in quantitative analysis. 

Example. — Determination of Potassium in Potassium Bichroniaie. 

Dissolve 0.5-0.6 g of the powdered salt (weighed to the nciarest 
tenth of a milligram) in a 300-ml porcelain casserole. Add 10 ml of 
concentrated hydrochloric acid and 5 ml of alcohol. Cov(ir thci dish 
with a watch glass and heat on the water-bath until all the bichromate 
is changed to chromic salt as' shown by the emerald gnnm color of the 
solution. Remove the watch glass and rinse off the imdcn’ surftu;(^ into 
the casserole to remove any salt that may have spattenHl upon it during 
the evolution of chlorine. Evaporate to dryness; add 2 ml of (!onc(;n- 
trated hydrochloric acid and 200 ml of water. Ihiat just to tlu^ boil- 
ing point, and to the hot solution add enough dilute} ammonia i.o i)r(}- 
cipitate all the chromium but avoid an excess. Filt(}r a-nd wash tlie 
chromic hydroxide precipitate until a little of th(} fill-rat(} givt}S no tcjst 
for chloride with silver nitrate solution. 

Evaporate the filtrate and weigh the residual potiassium (jhloride 
taking all the precautions described on the ])r(}vi()us pagti. If a little 
chromic hydroxide is deposited during the evaporation, it must be 
filtered off and the precipitate washed with hot water until free from 
chloride. 

From the weight of potassium chloridci, compute} (a) tlu} })(}rc(}ni,ag(} of 
K, (&) the percentage of K 2 O, and (c) the percentage purity of the 
sample. The computation is explained in the Ai)p(}ndix. It is ad- 
visable to carry out all analyses in duplicate. The results should agr(}e 
within two parts in one thousand* and should not b(} far from the 

Considerable misunderstanding often arises with regard to the meaning of a 
"‘check within two parts in one thousand or within 0.2 per (jont." The agre(}m(}nt 
should always refer to the value itself and not to the perctentago of the weight of 
sample. Thus if two analyses of K 2 Cr 207 give values 31.95 and 32.01 per cent K 2 O, 
the check is two parts in one thousand or 0.2 per cent of the value found. 
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truth, although a little potassium is adsorbed by the chromic hydroxide 
precipitate. 

2. Determination of Potassium as Potassium Sulfate 

This method is chosen when the potassium is already present in 
solution as the sulfate, or when it is in such a form that it can be readily 
changed to sulfate by evaporation with sulfuric acid; it is most fre- 
quently used for determining the amount of potassium in combination 
with organic acids. 

Since the sulfate of potassium is much less volatile than the chloride, 
it is advisable to choose this method if no other metal is present. On 
the other hand, when it is necessary to separate potassium from sodium, 
it is preferable to have the potassium in the form of the chloride. 

Example. — Determination of Potassium in Potassium Bichromate. 
Weigh 0.5 g of the powdered salt into a 300-ml porcelain evaporating- 
dish, and treat with 20 ml of a freshly prepared, saturated, aqueous 
solution of sulfur dioxide* and 5 ml of 2 W sulfuric acid. Cover the 
dish with a watch glass and heat on the water-bath until there is no 
more evolution of gas. ■ Then remove the cover glass, rinse it off, and 
evaporate the solution almost to dryness. Add 200 ml of water and 
precipitate the chromium as in Method 1. Filter off the precipitate 
and wash it with hot water until a little of the filtrate gives no test 
for sulfate with barium chloride. Evaporate the filtrate containing 
potassium and ammonium salts to dryness, heat in the hot closet and 
expel the ammonium salts as described in Method 1. In this case, 
however, there is less danger of vaporizing the potassium salt. After 
weighing the cold dish or crucible, add a small piece of solid ammonium 
carbonate, about the size of a pea, to decompose any K2S2O7, and heat 
again until a constant weight is obtained. 

From the weight of K2SO4, compute the percentages of K, K2O, and 
of K2Cr207 in the original salt, f There is a slight adsorption of potas- 
sium by the chromic hydroxide precipitate. 

* The solution of sulfur dioxide may be prepared as follows: Take 150 ml of 
saturated NaHSOa solution in a 300-ml Erlenmeyer flask and slowly add concentrated 
sulfuric acid from a drop-funnel. Pass the evolved SO 2 gas into a small wash- 
bottle containing water and then into another wash-bottle containing distilled water, 
which is kept cool by placing it in a larger vessel filled with cold water. TOien the 
evolution of the SO 2 begins to slacken, it can be accelerated by gentle warming. 

t In quantitative analysis it is customary to report results in the form of the most 
representative oxide. This method of representation is based upon the dualistic 
theory. There are several reasons why the analytical chemist continues to express 
his results in these terms. (1) It furnishes the most convenient way of properly 



58 


GRAVIMETRIC ANALYSIS 


To determine the quantity of potassium in an organic salt, treat a 
known weight of the salt in a large, weighed crucible with a little con- 
centrated sulfuric acid. Heat exactly as in the case of igniting a moist 
precipitate (see p. 38 ) placing the crucible in an inclined position and 
directing the flame against the cover of the crucible. Thick, white fumes 
of sulfuric acid are soon evolved; as soon as these begin to diminish in 
quantity gradually move the flame toward the base of the crucible, 
and finally heat to dull redness until no more vapors are given off. 
The mass remaining in the crucible now consists of K2SO4 and K2S2O7. 
The latter compound can be converted by stronger ignition into K2SO4 
with loss of SO3, but as this procedure involves a slight loss of potassium 
it is preferable to add a little solid ammonium carbonate, by means of 
which the excess of sulfuric acid is converted into ammonium sulfate, 
which is readily volatile and can be decomposed at a much lower tem- 
perature. 

3. Determination of Potassium as K 2 DtCl 6 and as KCIO 4 

.These determinations are employed only when it is necessary to 
effect a separation of potassium from sodium. They will be discussed 
under the Separation of Potassium from Sodium. 

Sodium, Na. At. Wt. 22.997 

Sodium, like potassium, is determined in the form of it;s (jhloride and 
of its sulfate, and the same precautions which were discuHsed under 

apportioning the element oxygen which is practi(5ally never detormiued dircfstly when 
present in a compound. Thus in the analysis of bichromate it is more HatiHfa(d-{)ry 
to report the percentage K 2 O and percentage CrOa than it is to subtrac.t th(i K and Or 
contents from 100 and call the difference oxygen, or to report the Cr as Crgf h and 
thus arbitrarily make the acicuracy of the chromium dcterrninatioti th(^ only fac.tor 
governing the oxygen content. (2) When reported in this way, the ariulyHis of salts 
of all oxygen acids should add up to 100 per cent and this furnishes a fairly satis- 
factory check on all the determinations made. If a salt of a binary acid is present, 
e.g., a sulfide or halide, the results should add up to more than 100 per (sent if the 
metal of the sulfide or halide is reported as oxide. In such (sa-scH, it is (uistomary t.o 
deduct a weight of oxygen equivalent to the weight of stilfide or halide. Thus 
mineral analyses made in the laboratories of the U. S. Ocologi(‘al Survey often close 
with the statement ''Less oxygen for fluoride, sulfide, etc.” (S) The statement that 
a substance contains K 2 O and CrOs does not mean that these constituents are 
present in an uncombined condition but it shows that the chromium is present as 
chromate or dichromate and not as chromi(j salt. The statement that a substance 
contains FeO and SO3 means that the substance contains iron as a ferrous salt and 
sulfur as a sulfate. (4) The continuance of this system of reporting anal.yses makers 
it easy to compare results with those made fifty years ago even although the dualistic 
theory has been abandoned. 
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potassium hold for sodium. It may be mentioned, however, that 
NaCl and Na 2 S 04 are more difficultly fusible and less volatile than the 
corresponding potassium compounds. 

Separation of Potassium from Sodium 

The solution should contain salts of no other metals with the ex- 
ception of ammonium salts. In order to separate the sodium and 
potassium they should both be present as chlorides, the combined 
weight of which is first ascertained. The mixture is then dissolved 
and the potassium precipitated out either as chloroplatinate or as 
perchlorate. From the weight of the precipitate, the corresponding 
amount of potassium chloride can be calculated, which value is deducted 
from the weight of the combined chlorides; this gives the weight of 
sodium chloride originally present. The sodium, therefore, is deter- 
mined by difference. It is important that no ammonium salt be present 
as otherwise insoluble ammonium salts will precipitate with the po- 
tassium. 

Rubidium and cesium chloroplatinates and perchlorates are even less soluble than 
the corresponding potassium salts. If, therefore, these rare alkali cations are present 
in the solution when the separation of sodium from potassium is made, they will be 
precipitated together with the potassium. 

A. Separation of the Potassium as K2PtCl6 

Principle, — Potassium chloroplatinate is practically insoluble in absolute alco- 
hol, whereas the corresponding sodium salt is soluble. On the other hand, sodium 
chloride is insoluble in absolute alcohol, so that it is necessary to convert both the 
potassium and the sodium into chloroplatinates, as otherwise the potassium chloro- 
platinate obtained will be contaminated with sodium chloride and too high a value 
will be found for the amount of potassium present. 

Procedure. — Dissolve the weighed chlorides (0.2 g or less) with a 
little water in a small porcelain dish. Add enough chloroplatinic acid 
to combine with all the alkali present, assuming, to be on the safe side, 
that the sample is all sodium x^i^ide. Of the usual reagent, contain- 
ing 10 g of dissolved platinum in 100 ml, 1.7 ml should be used for 
each 0.1 g of chloride. Enough water should be present to dissolve 
any precipitate of K 2 PtCl 6 when the contents of the dish are heated on 
the water-bath. 

Evaporate the solution nearly to dryness on a water-bath.* Stop 
evaporating when the contents of the dish solidify on cooling. Drench 

* A convenient bath is obtained by placing the dish on a beaker half filled with 
water, which is kej>t just beljjw the boiling point by a flame beneath the beaker. 
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the residue with a little 80 per cent ethyl alcohol and break up the mass 
of crystals into a fine powder by means of a stirring-rod or a platinum 
spatula. Decant the liquid through a filter moistened with alcohol, 
and repeat the treatment of the residue with alcohol until the filtrate 
runs through completely colorless and the salt remaining in the dish 
assumes a pure, gold-yellow color without any orange-coloixid particles 
being present (Na2ptCl6-6H20). 

Try not to get much if any of the prc'cipil.a.lc^ upon the filtca*. Dry 
the dish and filter a few minutes to remove; tlu; aJcoboI, t.ransfer tlie 
precipitate to a weighed crucible or very small disli tind wa,sh out the 
original dish with several small portions of hot wa,t(;r poureul tlu'ough 
the above-mentioned filter. Evaporate to dryneiss on the st(;ani-l)ath 
and heat for 30 minutes in an air-bath at 135°, with the crucible; e)r dish 
covered to avoid loss by decrepitation. Coe)l and we;igh. From the 
weight of the K2PtCl6, compute the corresponeling weight of KCl. 

Remark. — Treadwell recommends the use of absolute alcohol bcicjiuse it ha,8 been 
claimed that anhydrous sodium chloroplatiiiatc is more soluble in absolute alcohol.* 
This claim has been disputed.f Treadwell also rec^ommeuds the use; of the; em[)iri(’Ml 
factor 0.3056 for computing the KCl {;onterit, instead of the thcor(;tlcal value 

2 KCl 
K,PtCio 

but according to the directions given here with drying at 135" instead of 160” and 
wdth the 80 per cent alcohol, the true fa-(d.or H(;eins mon; suitabh;. Ib^sults about 0.3 
per cent too high have been explained on the aHHum[)tion that ilic precipii.a,t(; con- 
tains besides K^PtQU a, little KllPtCb,On. 

Determinaiion of SodiuvL — As already statcul tp. 50), the sodium is usually 
determined indirectly. From the weight of NaCl -h KCl obl<a,ined before treatrmuit 
with HaPtClo in the determination of i)otassium, deduct tin; w(hght of KCl tlial. is 
equivalent to the weight of the KaFtClo pr(;cii)ita.to, and tlu; difference gives the 
w^eight of the NaCl. This assumes that sodium and f)otaHHium are tlu; only alkalies 
present. 

To obtain the weight of NaCl dire(!tly, transfer the filtrate from tlu; KaFtClo pre- 
cipitate to a 100-ml flask and evaporate off most of the alcohol. Dilut.c; if n(;(‘(‘HHaTy, 
and expel all air from the flask by introducing a stream of pure hydrogen gas. Con- 
tinue introducing the gas, while kee])irig the koluf.ion warm by immersing the flask 
in warm water, until all the platinum is precipitated as fi n(;ly divided rnc;ta 1. Il(;pla.(;e 
the hydrogen with an inert gas and filter off the plathiurn. Wash tlu; pr{;eipita.to 
with water. Evaporate the filtrate until the volume is small enough to pc;rrnit. the 
transfer to a weighed crucible. Then evaporate in an air-bath. Toward flu; hist, 
cool, add some concentrated TICl to cause fine crystals of NaCl f.o form, and again 

* Cf. Fresenius, Z. anal. Chem., 1882, p. 234. Also F. Du])r^, IHv. Resdnuiumg 
des Kaliums als Kaliumplatinchlorid, Inaugural Dissert., Halle, 1893. Also W. 
Dittmar and McArthur, J. Soc. Chem. Ind., 6, 700, and Ber., 1888, Itef. ‘112. 

t Cf. W. F. Hillebrand, Bull. 700, U. S. Geological Burvey, p. 211. The method 
here described corresponds to that recommended by bjillebrand. 
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heat carefully in the air-bath until the residue of NaCl is perfectly dry and there is 
no audible decrepitation when the crucible is heated carefully with a free flame. 
Cool in a desiccator and weigh. 

Modification of Chloroplatinate Method 

Instead of weighing the K2PtCl6, the dry precipitate may be heated 
in a stream of hydrogen, when HCl and H2O will be given off and a 
mixture of platinum and potassium chloride will remain behind. 

1. If the evolved hydrochloric acid is determined and from this the 
weight of potassium chloride is computed the result will be too low 
because less hydrochloric acid is evolved than corresponds to the 
equation : 

KsPtCle + 2 H2 = 4 HCl + Pt + 2 KCl 

2. If the mixture of platinum and potassium chloride remaining in 
the dish is weighed and from this the amount of potassium chloride is 
calculated, too low a result will be obtained. 

3. Finally, if the mixture of platinum and potassium chloride is 
treated with water and, on the one hand, the weight of the platinum 
remaining undissolved and, on the other hand, the weight of the po- 
tassium chloride which goes into solution (by evaporating the solution 
and weighing the residue) is determined, then the amount of potassium 
chloride calculated from the weight of the platinum again gives a result 
which is too low; but the amount of potassium chloride found in the 
aqueous solution corresponds to the amount of potassium chloride 
originally present. 

Inasmuch as the precipitate of potassium chloroplatinate possesses 
a constant composition it is possible to determine experimentally by 
working with pure material the exact ratio which exists between (a) 
the amount of hydrochloric acid evolved, (5) the mixture of potassium 
chloride and of platinum remaining after the ignition, (c) the weight 
of platinum remaining undissolved after treatment of the residue with 
water and the amount of potassium chloride originally present. Accord- 
ing to Dupre, if the amount of pi^inum determined according to (c) is 
multiplied by the factor 0.7614 Ihe true amount of potassium chloride 
will be obtained. 

Determination of a Little Potassium in the Presence of Much 

Sodium* 

Weigh out into 150-ml beakers samples of about 1.5 g, dissolve the 
salt in 25 ml of water, and add 5 or 6 ml of 60 per cent HCIO4, d. 1.54, 

* G. F, Smith and J. L. Gring, J. Am. Chem. Soc., 66, 3957 (1933). 
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or 8 to 9 ml of 6 A" HCIO4. Evaporate to dryness on the hot plate and 
expel any acid on the beaker walls by brushing lightly with a free flame. 
Cool, wash down the walls of the beaker with a little water, and repeat 
the evaporation in order to get a residue free from excess HCIO4. Digest 
the dry residue with 95 ml of 95 per cent ethyl alcohol, heating nearly 
to the boiling point of the alcohol. Now add a hot solution of 0.2 g 
chloroplatinic acid in 5 ml of 95 per cent alcohol, and after a few mim 
utes' vigorous stirring, cool to 0®. After the solution has stood an 
hour or longer at this temperature, filter through a sintered glass or 
quartz filtering crucible, wash once with 95 per cent alcohol and finally 
with absolute alcohol until free from NaC104, dry at 110°, and weigh. 
The precipitate will stand heating to 350° without dcicornposition. 

This method is economical in the use of the expensive chloroplatinic; actid and from 
a solution of KCIO4 and NaC 104 the conditions are favorable for forming a pure 
precipitate of K 2 PtClo even when very little potassium and mu(;h sodium are present. 

B. Separation of Potas^sium from Sodium by the Perchlorate Method* 

Principle. — This separation depends upon the insolubilit-y of potasHiurn per- 
chlorate and the solubility of sodium perchlorate in 97 per (;cnt alcohol. Ammonium 
salts and sulfates must not be present on accouiit of the diffi(;ult solubility of am- 
monium perchlorate and of sodium sulfate in alcohol, but a little ]>hosphato does 
no harm, as both sodium perchlorate and phosphoric ac.id arc soluble in al(;ohoL 

Many experiments by the agricultural (;hcmi8ts of the United States show that 
the method is nearly, if not quite, as accurate as the chloroplatinate method. It 
requires a little more attention to details. Since 1914 the F)ri(;e of platinum has 
been so high that it has interfered seriously with its use in Uuj chemical laboratory. 

In the analysis of fertilizers, the Association of Official Agri(;ultural Chemists 
recommends placing 2.5 g of sample on a 12.5-cm filter par)cr in a funnel and dis- 
solving the soluble salts by treating with small portions of hot water until about 200 
ml of filtrate are obtained. Then 5 ml of concentrated hydrochloric; a(;id are added 
and the sulfate precipitated. The solution is diluted to exactly 250 ml in a cali- 
brated flask and, after mixing thoroughly, a little of the soluliorii is filtered through a 
dry filter and exactly 50 ml of filtrate taken for the rest of the aiialysis. 

By taking a fairly large portion for analysis and then using an alicpiot part, a 
more representative analysis is obtained if th#, sample is not perfeefly uniform. It is 
assumed that the actual volume of i)rec.ipitate cam be neglecsted and no attention is 
paid to adsorption of solute by the precipitate or by the filter paper. Bu(;h effec.ts 

* Schlosing-Wense, Z. angew. Chem,, 4 , 691; 6, 233; 6 , 68; hamiw. Ver. 

69 , 313; 67 , 145; J, Am. Chem. Soc., 36 , 2085. Of. also U. S. Chemical BiilUiin 152; 
Baxter and Kobayashi, J. Am. Chem. Soc., 39 , 249 (1917); 42, 735 (1920); Davis, 
/. Agri. Sd., 6 , 52 (1912); Gooch and Blake, Am. J. fid., 44 , 381 (1917); T. D. 
Jarrell, J. Assoc. Official Agri. Chemistry, 4 , 76-7 (1920-21); IL H. Willard, J. Am. 
Chem. 80 c., 34 , 1480 (1912); H. H. Willard and G. F. Smith, ibid., 44 , 2816 (1922); 
46 , 293 (1923); G. F. Smith, ibid., 47 , 762 (1925); G. F. Smith and J. F. Ross, 
ibid., 47 , 774 and 1025 (1925). 



SEPARATION OF POTASSIUM FROM SODIUM 63 

must be considered when pure substances are to be analyzed with the greatest possible 
accuracy, but when the weight of precipitate is small or the percentage of desired 
constituent low it is permissible to neglect the volume of precipitate and adsorp- 
tion, especially as the errors tend to compensate one another. 


SOLUBILITY OF ALKALI PERCHLORATES 
(100 ml of solvent, dissolve at 25°) 


Salt 

Water ' 
g/100 ml 

CH 3 OH 
g/lOO ml 

C 2 H 5 OH 
g/lOO ml 

n-Butyl 
Alcohol 
g/100 ml 

Ethyl 
Acetate 
g/100 ml 

NaC104 

113.9 

35.9 

11.13 

1.50 

8.43 

LiCi04 

47,42 

89.4 

79.4 

49.3 

63.4 

NH 4 CIO 4 

21.91 

5.27 

1.49 

0.014 

0.029 

KCIO 4 

2.04 

0.0830 

0.0094 

0.0036 

0.0013 

RbC104 

1.33 

0.0472 

0.0071 

0.0016 

0.0014 

CSCIO 4 

1.96 

0.0734 

- 0.0086 

0.0048 

0.001 


Procedure. — If the solution to be analyzed contains sulfate, it is 
advisable to remove it. To about 70 ml of solution (containing not 
more than 0.5 g of potassium salt) add 1 ml of concentrated hydro- 
chloric acid, heat to a gentle boil, and add hot 0.5 iV barium chloride 
solution drop by drop until no further precipitation occurs. Wait 15 
minutes; filter off the barium sulfate, and wash it with hot water. 

If ammonium salts are present, evaporate to dryness in a porcelain 
dish and ignite carefully till aU ammonium salts are decomposed. Cool, 
rinse down the sides of the dish with a little water, again evaporate, and 
ignite at a temperature below redness. Dissolve the residue in about 
20 ml of water and transfer to a 150-ml Pyrex beaker. 

Two methods for carrying out the perchlorate separation of potassium (rubidium 
and cesium) from sodium (and lithium) will be given. 

The first method depends upon the use of ethyl alcohol containing a little per- 
chloric acid to make the perchlorate of potassium practically insoluble. This is the 
method commonly used. H, H. Willard, however, prefers to make use of normal* 
butyl alcohol, and many chemists use this procedure.! 

Method 1 

Add 5 ml of perchloric acid, d. 1.12, containing 20 per cent HCIO4, 
and evaporate carefully till salts separate. Add 10 ml of hot water, 5 

* Normal butyl alcohol is CH3-CH2-CH2-CH20H. The word normal is used 
to distinguish it from its isomers (CH 3 ) 2 *CH 2 *CH 20 H (called isobutyl alcohol) 
CH 3 -CH 2 -CHOH-CH 3 (called secondary butyl alcohol), and (CH 3 ) 3 -COH (called 
tertiary butyl alcohol). To show that the word normal does not refer to normal 
concentration, the small letter n will be used in the directions, whereas N will signify 
normal in the sense of concentration. 

t Cf. Hillebrand and Lundell, AppKcd Inorganic Analysis. 
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ml more of perchloric acid, and again evaporate on a water-bath and 
finally on a sand-bath. If dense fumes of perchloric acid are not 
evolved, repeat the addition of water and perchloric acid until dense 
fumes are obtained by evaporation. Cool to below room temperature 
and add 20 ml of 97 per cent alcohol containing 0,2 per cent of per- 
chloric acid and saturated with potassium perchlorate.* Crush the pre- 
cipitated KCIO4 with the end of a stirring-rod and allow to stand for 
30 minutes, preferably with the dish resting in ice water. Filter through 
a Gooch or Munroe crucible that has been dried at 120 - 130 ° and 
weighed. 

If only a small precipitate is obtained, it is saf(‘ to wash and weigh 
it at once without purification provided no considerable quantiiy of 
other salt is present in the alcoholic solution. Unkjss the absence of 
much sodium or other salt is assured, decant the solution through the 
filter and wash the crystals three times with small portions of alcohol 
containing 0.2 per cent of perchloric acid. Then dissolve the crystals 
in a little hot water, add 1 ml of perchloric acid, evaporates, and treat 
as before. Transfer the pure potassium perchlorai-e to tlui weighed 
filtering crucible and wash with small portions of cold alcohol f which is 
saturated with KCIO4 besides containing 0.2 per cent of HCIO4. Dry 
at 130 ° for an hour and weigh. 


Method 2 

In this procedure the alkali perchlorates are digested with a mixture of n-})utyl 
alcohol and ethyl a(;etate in whicli the perchlorate of poiafisium (ruhidi\iru anti 
cesium) is insoluble. After filtering off the potassium penililorate, the sodium can 
be precipitated as sodium chloride by adding a solution of hydrogen chloride gas 
dissolved in butyl alcohol. Then, if lithium is present, it tian be weighed as sulfale 
after evaporating the filtrate from the sodium tdiloridc prccipii^iiJon. 

To the solution of chlorides add 2 or 3 times as much of 9 N pcirchloric 
acid as is theoretically necessary to convert the chlorides to i)erchl()- 
rates (not less than 1- ml in any case). Evaporate to dryness on the 

* One hundred milliliters of the alcohol eontaining perchloric ac-id will <lissoIve 
2.8 mg of KCIO4. If considerable NaC 104 is present it tends to salt out a little 
KCIO 4 from the saturated alcoholic solution. When considerabki sodium sali. is 
present, therefore, it is advisable to wash the first pre(;ipitate witli a litfic al(H)hol 
containing no potassium perchlorate, dissolve the precipitate in a liflJe water, and 
repeat the precipitation. The small quantity of sodium salt adhering to tbe par- 
tially washed KCIO4 precipitate will do no harm the second time. ('Of. Davis, 
J. Agr. Sci., 6, 52, 512; Gooch and Blake, Am, J, Sd.j 44, i38l; I^axter and Kobayashi, 
J. Am. Chem. Soc., 42, 735. 

t Baxter and Kobayashi have shown that it is advisable to (!Ool the wash ahiohol 
to 0® and to keep the volume of the washings as small as possible. 
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hot plate, at a temperature not exceeding 350°, and expel any acid con- 
densed on the side walls of the beaker by playing a free flame against 
the outside. Cool, wash down the sides of the beaker with 3 to 5 ml of 
hot water, and again evaporate to dryness on the hot plate. Cool; 
add 10 to 20 ml of a mixture of equal parts by volume of n-butyl alco- 
hol and ethyl acetate. Digest near the boiling point* for 2 or 3 min- 
utes and then cool to room temperature. 

Decant the liquid through a previously ignited and weighed Gooch 
or Monroe crucible and wash the precipitate 3 times by decantation 
with 5-ml portions of the alcohol-acetate mixture. Reserve the fil- 
trate and washings if it is desired to make a direct determination of 
sodium. 

Dissolve the residue in the crucible with a very little hot water, catch- 
ing the solution in the original beaker. Again evaporate to dryness. 
Add 10 ml of the butyl alcohol-acetate mixture; digest and cool as 
before. Filter through the original crucible, which has been dried 
meanwhile. Transfer the precipitate to the crucible and wash 10 to 15 
times with less than 1-ml portions of the alcohol-acetate mixture. Dry 
the beaker and brush any particles of potassium perchlorate into the 
crucible. Dry an hour at 110° and 16 minutes at 360°. Cool and 
weigh as KCIO4. 

To determine the sodium, evaporate the combined filtrates and wash- 
ings till the volume is not over 20 ml at the most and all the ethyl acetate 
has been removed. Heat to 80 to 90°, and add dropwise, with stirring, 
2 ml of a 20 per cent solution of hydrogen chloride in ? 2 -butyl alcohol 
(prepared by passing dry hydrogen chloride into 200 ml of butyl alcohol 
for 2 hours; the density of the solution is 0.905). Then add 6 ml more 
of the FICl-alcohol solution, cool to room temperature, filter off the pre- 
cipitated sodium chloride, and wash 8 or 10 times with 1-ml portions 
of 6 to 7 per cent solution of hydrogen chloride in butyl alcohol. Dry 
15 minutes at 110° and then for 6 minutes at 600°. Cool and weigh as 
NaCl or dissolve the salt in water and titrate the chloride (see Part 
II, III). 

Remark. — The precipitation of potassium as perchlorate can be accomplished in 
the presence of most other cations except ammonium. The precipitate should be 
easily soluble in hot water. In the analysis of fertilizers it is often recommended 
to dissolve the precipitate in hot water, dry, and weigh again to see if any other in- 
soluble substance was present with the precipitated potassium perchlorate. 

* Be careful about using a free flame because if the combustible vapors catch fire 
a dangerous explosion will result. 
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C. Separation of Sodium from Potassium by the Uranyl-zinc 
Acetate Method 

Principle. — By means of uranyl-zinc or uranyl-magnesium acetate solution, 
insoluble complex acetates containing sodium can be formed. In most cases a 
mixture of uranyl and magnesium acetates in dilute acetic acid is used as the re- 
agent, although Kolthoff has shown that zinc can replace the magnesium, perhaps to 
advantage. In the former case, the greenish yellow precipitate corresponds to the 
formula (U 02 ) 3 MgNa(C 2 H 302 ) 9 - 62 H 20 when dried at a temperature not exceeding 
llO*^ and contains 1.53 per cent of sodium. It serves for the determination of 
sodium in quantities of 0.5 to 50 mg but is so bulky that it is unsuitable for larger 
quantities. The preseruie of more than 2 mg of lithium or 0.2 g of [>otassium causes 
interference and high results; small (juantities of rubidium, cesium, ammonium, or 
alkaline earths do no harm. Phosphates and arsenates must, be al)sent. 

Reagent . — ^ Dissolve, separately, 85 g of 1102 (Co 1 1302 ) 2 -3 Hof) and 500 g of 
Mg(C 2 H 302 ) 2 - 4 H 20 in 1 1 of normal acetic acid. Heat ea(di solution to about 70°, 
mix at this temperature, and allow to cool to 20°. Keep a,t this temperature for at 
least an hour and filter. In this way 2 1 of reagent are obtained, of which 100 ml 
should be used when the ciuantity of sodium present is 10 mg or less and in all cases 
10 ml are desirable for each milligram of sodium likely to be pres(uit. 

Procedure. — Concentrate the aqueous solution, prehirably of chlo- 
rides, to 5 ml, or less, if there is no separation of solid salt. Add 10 ml 
of reagent for each milligram of probable sodium content, using not less 
than 100 ml in any case, place in a beaker of water at 20® and stir 
vigorously for 30-35 minutes. Filter into a weighed Gooch, Munrcx', or 
glass filtering crucible and wash with 5-ml portions of 95 per ccmi/ ethyl 
alcohol which has been saturated with solid uranyl-magnctsiurn-sodium 
acetate. (If ordinary 95 per cent ethyl alcohol is uscui, assumes that 
each 5 ml dissolves 1 mg of the precipitate.) Dry at 105® for 35 minutes. 

Remarhs. — ( 1 ) Instead of weighing the precipitate, the tiranium content can 
be determined by titration with standard disodium hydrogciu phosr)hatc (35 g 
Na 2 HP 04 - 12 H 20 per liter) using potassium fcrro(!yaiudo test- paper (filter paper 
dipped in 10 per cent potassium ferrocyanidc solution ami dried) as an outside i»- 
dicator. Moisten the j)re(upitate with 2-2.5 ml of glacial acetic^ acid and dissolve 
it in 40-50 ml of hot water. Titrate at 90° with the i)hoHi)hate solution until a 
drop of the clear solution, free from any uranyl phosphate precipitate, will not give 
a brown color when placjed on a piece of the test paper. 

(2) If more than 2 mg of lithium is present it should be removed, and this is best 
accomplished by precipitation, as fluoride. The excess fluoride must then be r(um)ved 
by evaporating in platinum with hydrochloric acid. This is acuiomplishcxl as follows:*^ 

To not more than 0.1 g of the salt add 10 ml of water and 5 ml of 95 per cciit 
alcohol. After the salt has dissolved, add 5 ml of 10 per (lent ammonium fluoride 
solution to which a little ammonium hydroxide has been added to dec^ompose any 
fluosilicate which is likely to be present in the reagent. After standing for at least 
20 hours, filter off the precipitate of Li 2 F 2 and wash it five times with 2 -ml portions 

* Cf. Barber and Kolthoff, J. Am. Chem. Soc., 61, 3233 (1929). 
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of 60 per cent alcohol containing 0.5 per cent of ammoniacal ammonium fluoride. 
Evaporate the filtrate to dryness in a platinum dish and moisten the residue with 
5 ml of concentrated hydrochloric acid. Evaporate to dryness and repeat this 
treatment with hydrochloric acid twfice more after which it can be assumed that the 
final, dry residue contains neither lithium nor fluoride. 

(3) If more than 0.2 g of potassium is present, the greater part should be removed 
by treatment with perchlorate. This treatment also serves to remove rubidium 
and cesium which, however, cause less interference. To determine sodium in com- 
mercial potassium chloride, dissolve 1 g of the salt in 5 ml of water and add a hot 
solution of 2 g of NH4CIO4 in 3 ml of water. Cool to room temperature, filter, 
and wash the precipitate five times with 2-ml portions of 95 per cent alcohol. Evapo- 
rate to dryness, heat strongly, and determine sodium in the residue. 

(4) The presence of phosphate or arsenate interferes with the determination of 
sodium as complex acetate. They should be removed by treatment with mag- 
nesia mixture.'’ Evaporate the filtrate to dryness, heat to expel ammonium salts, 
treat the residue with hot water, filter and use the filtrate for the sodium determina- 
tion. 


D. Separation of Potassium as Cobaltinitrite 

Sodium cobaltinitrite is probably the most sensitive precipitant of potassium 
ions in aqueous solution. Biilmann* * * § w^as able to detect 0.0009 mg of potassium in 
the presence of 4000 equivalents of sodium. Since de Koninckt recommended the re- 
action in 1881, the quantitative determination of potassium as cobaltinitrite has been 
studied by many chemists, some of whom have been able to get satisfactory results. 

Produced under ideal conditions, the precipitate, formed in dilute acetic acid solu- 
tion with a considerable excess of the reagent, corresponds to the formula, K 2 NaCo- 
(N02)6, with 17.93 per cent of potassium, equivalent to 21.37 per cent K 2 O. From 
saturated NaCl solutions, the precipitate has the formula K3Na3[Co(N02)6]2. 

The reagent, sodium cobaltinitrite, is not very stable, and the composition of the 
precipitate varies somewhat when produced under different conditions. For this 
reason, Viirtheim and others have recommended the use of empirical factors, and 
the Association of Official Agricultural Chemists has abandoned the method although 
many of its cooperating chemists obtained excellent results. 

The precipitate can be filtered, dried at 110° and weighed without decomposition, 
it may be dissolved and the cobalt determined electrolytically,t the nitrite may be 
determined volumetrically,§ or the volume of the precipitate may be measured in a 
graduated centrifuge tube. 

* Z. anal Chem., 39 , 284 (1900). 

t Ibid., 20, 390 (1881). 

t Dissolve the precipitate in dilute hydrochloric acid, boil to decompose the 
nitrite, and carry out the electrolysis as described under Cobalt. 

§ Boil the washed precipitate with dilute sodium hydroxide, filter off the cobaltic 
hydroxide, make the filtrate acid and titrate with permanganate as described under 
Volmnetric Analysis, Analysis of Nitrous Add; 1 ml of 0.1 A KMn 04 = 0.000785 g 
IC 2 O. Another method — Wash the precipitate into a measured volume of hot 
permanganate solution diluted with ten times as much water. After 5-6 minutes 
make acid with 5 N H 2 SO 4 and titrate the excess permanganate with standard oxar 
late solution. In this case, 1 ml 0.1 N KMnOi == 0.000856 g K 2 O. 
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Reagent. Dissolve 28.6 g of cobaltous nitrate crystals and 50 ml of glacial 
acetic acid in enough water to make 500 ml of solution. Dissolve 180 g of sodium 
nitrite in 500 ml of water. Keep these two solutions separate until the day before 
the analysis is to be made, then mix equal volumes, shake or stir well, allow to stand 
over night in & glass-stoppered bottle, and filter just before using. 

Procedure. ~ The potassium solution should contain the equivalent 
of 0.25 g KCl, or less, in a volume of 25 mi. For this weight of potas- 
sium salt use 40 ml of the filtered reagent. For smaller quantities of 
potassium, use less solution and less reagent but never less than 10 ml 
of either. Shake the mixture vigorously for several minutes, or, better 
still, stir mechanically for 30 minutes and allow to stand over night. 
Filter through a Gooch crucible, wash with 10 per cent acetic acid until 
the filtrate comes through colorless anti then with 95 pea* cent alcohol. 
Dry at 110° for 2 hours. 

Remark. — The presence of sodium salts in c.oiisiderable excess does no harm. 
Most other cations can be removed by adding sodium carl.)onate solution. Ammo- 
nium salts should be removed, when present, by evaporating to dryness and gently 
igniting the residue. In fertilizer analysis, a fairly large sample sliould l>e taken and 
an aliquot part used for the potassium determination after the removal of ammonium 
salts and precipitation of other cations with sodium carbonate. Ck^.rfeyt tested the 
method and obtained satisfacitory results with materials (‘.ontaining from 5 to 62 
per cent of K^O. In most cases the agreement between the cobaltiniiiritc method 
and the chloroplatinate method was nearly, if not quite, as good as is usually obtained 
with duplicate analyses by the chloroplatinate method. When theses d inactions are 
followed, the method appears to be rapid, exact, and e^ionomifjal. 


Determination of Potassium in a Silicate* 

Most silicates are decomposed by treatment with hydrofluorici acid in the pres- 
ence of a dehydrating agent such as sulfuric; a<;id, (;oncentrated hydrochloric; acid, or 
perchloric acid. The perchlorates of. all the common cations, except those of potas- 
sium and ammonium, are soluble in alcohol. 

Procedure. — To about 0.3 g of silicate in a platinum crucible; add 
1.5 ml of 2 iV HCIO4 and 3-4 ml of 48 per cent HF. ICvaponitc; to 
dense fumes of HCIO4 heating at a low temp(;rature on a sand-bath in 
a larger crucible (Fig. 14) or in a wire gauze chamber made; by bending 
some fairly fine-meshed copper or bronze gauze and inserting a triangle to 
hold the crucible. Cool, add water to fill about two-thirds of the; cruci- 
ble, heat just to boiling, filter and wash thoroughly with hot water. 
Evaporate the filtrate till fumes of HCIO4 are again obtained. Cool and 
add 25 mi of 97 per cent alcohol Break up the residue with a stirring- 

* J. J. Morgan, J. Ind. Eng. Chem, 13 , 225 (1921); M. M. Green, ibid., 16, 163 
(1923). 
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rod* and filter through a Gooch crucible. Wash the precipitate with 
1 per cent perchloric acid in alcohol. Transfer the washed precipitate 
and the asbestos mat to a filter and wash thoroughly with hot water to 
dissolve the KCIO4. Some insoluble salts are usually left on the filter. 
To the filtrate add 1 ml more of perchloric acid, evaporate to fumes, 
and treat with alcohol when cold. Usually the precipitate is now pure 
KCIO4. Filter, wash with 1 per cent perchloric acid in alcohol, dry 
for 1 hour at 110°, and weigh as KCIO4. 

Lithium, Li. At. Wt. 6.94 
Forms: Li 2 S 04 and LiCl 

The determination of lithium in the form of the above salts is carried 
out in practically the same way as that of potassium. It should be 
mentioned, however, that on evaporating a lithium salt with concen- 
trated sulfuric acid the acid salt, LiHS 04 , is formed, which on gentle 
ignition (even without the addition of ammonium carbonate) is changed 
to difficultly volatile Li 2 S 04 . 

Since lithium chloride is a very hygroscopic salt, it is necessary to 
weigh it out of contact with moist air. To accomplish this, place the 
platinum crucible, after being gently ignited, together with a glass- 
stoppered weighing beaker in a desiccator which is provided with a 
calcium chloride tube. After both crucible and beaker have assumed 
the temperature of the room, quickly place the former within the latter 
and stopper. Allow the weighing beaker to stand for 20 minutes in 
the balance case and then weigh. Place the salt in the crucible and 
repeat the above process. 

Determination of Lithium, Potassium, and Sodium in the 
Presence of One Another 

After determining the weight of the combined chlorides, determine the potassium in 
one portion as K 2 PtCl 6 , KCIO4 or K2NaCo(N02)6 and in a second portion determine 
the lithium according to one of the following methods: 

(a) GoocNs Method f 

Principle. — Anhydrous LiCl is soluble in anhydrous amyl alcohol 
(10 ml of cold amyl alcohol dissolve 0.66 g LiCl) while KCl and NaCl 
are difficultly soluble in this liquid (10 ml dissolve 0.3 mg NaCl and 0.4 
mg KCl). 

* This is important. If the crystals are not fine, it will be necessary to repeat 
the following purification process. 

t Proc. Am. Acad. Arts iScienceSj 22 [N. S. 14], 177. 
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Procedure, — Place the concentrated solution, containing not more 
than 0.2 g LiCl, in a 50-mi Erienmeyer flask, add 5-6 mi of amyl alco- 
hol (boiling point 132°) and carefully heat on an asbestos plate. The 
aqueous solution at the bottom of the beaker soon begins to boil and 
the water vapor escapes through the upper layer of amyl alcohol. 
To prevent loss by bumping at this point, it is well to pass air through 
the liquid during the boiling; the water evaporates more quickly and 
without bumping. As soon as all the water has been boiled off, the 
chlorides of sodium and potassium separate out and nearly all the 
lithium chloride dissolves in the alcoholic solution. During the evap- 
oration of the aqueous LiCl solution, however, some LiOH is formed by 
hydrolysis, and the latter compound is insoluble in amyl alcohol. l"o 
dissolve this, add 2-3 drops of concentrated liydrochloric acid, boil 
2 or 3 minutes, and filter while still warm through a small asbestos 
filter. The insoluble residue is composed of sodium and potassium 
chlorides. Wash it with hot amyl alcohol, which has Imm boiled. 
Evaporate the filtrate to dryness, and dissolve the residues in a little 
water and a little dilute sulfuric acid. Filtca* off the carbona-ceous 
residue into a weighed platinum crucible, evaporate as far as possible on 
the water-bath, remove the excess of sulfuric acid by gemtk^ boa, ting 
over a flame (the crucible being placed in an inclined position), a-nd 
then weigh. The lithium sulfate thus obtained will (ionl-a.in srtiall 
quantities of potassium and sodium sulfates if the corre^sponding ca,tions 
are present. To correct for these impurities subtract. O.OOOdl g for 
every 10 ml of the filtrate (exclusive of t.he alcohol us('d in washing tlie 
residue) if only sodium chloride is present., O-OOGfil if only potassium 
chloride is present, and 0.00092 if both sodium and pot.jissium chlorides 
are present. 

If only 10-20 mg of lithium chloride wci.ro present in thci original 
salt mixture, then, after filtering and washing wit;h amyl alcohol, dis- 
solve the residue in a little water, repeat the above treatment, and 
determine the lithium in the combined filtrates. 


(b) Rammelsherg's Method {Modified by F, P, Treadwell) 

Principle. — Anhydrous lithium chloride is solublci in a mixturci of 
equal parts alcohol and ether which has been saturatcid with hydrogem 
chloride gas, whereas the chlorides of sodium and poi-a,ssiiim are prac- 
tically insoluble. 

Procedure. — Evaporate the solution of the chloridcis to dryness in 
a small Jena flask which is provided with a ground-glass, two-way 
stopper (p. 48, Fig. 29a). During the evaporation pass a current of 
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dry air into the flask through the long tube a and out through the short 
tube 6. As soon as the residue has become dry, place the flask in an 
oil-bath and heat for half an hour at 140-150° while passing dry hy- 
drogen chloride gas through the flask. Allow the flask and its con- 
tents to cool with the hydrogen chloride still passing through the 
flask. Treat the cold residue with a few milliliters of absolute alcohol, 
which has been saturated with hydrogen chloride gas and afterwards 
diluted with an equal volume of absolute ether. Tightly stopper the 
flask and allow it to stand with frequent shaking for 12 hours. Pour the 
solution through a filter which is wet with the ether-alcohol mixture, and 
wash the residue three times by decantation with ether-alcohol. Add a 
little more ether-alcohol to the contents of the flask and again allow it to 
stand for 12 hours; pour off the liquid and wash the residue with ether- 
alcohol until a trace of the residue tested in the spectroscope shows the 
absence of lithium. Carefully evaporate the ether-alcohol extract to 
dryness on a water-bath containing lukewarm water, moisten the resi- 
due with a few drops of dilute sulfuric acid, dissolve in as little water 
as possible, transfer to a weighed crucible, and treat with sufficient sul- 
furic acid to transform the lithium chloride into sulfate. Evaporate 
the solution as far as possible on the water-bath, then cautiously over 
the free flame, gently ignite, and weigh the residue of lithium sulfate.* 

Remark. — In the presence of considerable sodium and potassium salts it is ad- 
visable to remove the greater part of these by precipitation with hydrochloric acid 
gas (cf. p. 65), filtering through asbestos and washing the precipitate with concen- 
trated hydrochloric acid until the residue no longer gives the lithium spectrum. The 
results obtained by this method are satisfactory. 

Example for practice: Lepidolite analysis. (See Index.) 

Indirect Determination of Lithium and Sodium or 
Lithium and Potassium 

The mixture of the two chlorides is weighed and the chlorine de- 
termined either gravimetrically or volumetrically. 

Separation of Potassium, Rubidium, and Cesium 

Rubidium and cesium, when either is present alone, can be determined by any of 
the methods described for potassium. The solubility of the chloroplatinates, 
cobaltinitrites, and perchlorates of potassium, rubidium, and cesium decreases in the 
order named. The qualitative separation described in Vol. I of this book is probably 
as good as any that has been devised. In this procedure, sulfate is first removed 
by precipitation with lead nitrate in the presence of dilute nitric acid. After filtering 
off the lead sulfate, the excess lead is removed by saturating the solution with hydro- 
gen sulfide. The cesium, rubidium, and potassium are then precipitated together 
as perchlorates, as described on pp. 63, 64 for the determination of potassium, and 
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the filtrate from this precipitation will contain sodium and litliium. The perchlorates 
of cesium, rubidium, and potassium are dissolved in a little liot water, converted into 
cobaltinitrites, as described on p. 68, and filtered off. This precipikite, together 
with a little sodium nitrite solution, is heated until the mass fuses and effervesces 
no more, the residue is taken up in water and a little dilute acetic aend and the bhuik 
cobalt oxide residue is rejected. The solution of alkali nitrites is treai.ed with sodium 
nitrite and bismuth nitrate solution to precipitate Cs«Na.Ih(N() 2 )(i and RboNaBi- 
(N02)6, leaving potassium nitrite in solution. The prc(ur)itate is treated with 
hydrochloric acid and, in the resulting solution, cesium is precipitated as CsaSboClfl. 
After filtering off this precipitate, the rubidium is pre(;ipitated as RbMGitliOo and 
finally converted into Rb2NaBi(N02)6 again. The separation is imperfect because 
the difference in the solubility of the corresponding cesium *and rubidium salts is 
not great enough to permit a complete separation. The procedure c;i,ii be carried 
out and approximately correct results obtained quantitatively if more time is al- 
lowed for the complete precipitation of the cobaltinitrites and of the [ilknli-bismuth 
nitrites. 

The following procedure, which is based upon one proposed by Htreckcr and Diaz-'* 
gives fairly satisfactory results when but little potassium is present. 

Procedure. — Dissolve the chlorides, f free from ammonium salt, in 
a little water and slowly add, while stirring, a mixtures of concentratcKl 
hydrochloric acid diluted with twice as much 95 per cent alcohol. Diltcu* 
off the precipitated KCl (and NaOl if present), wash with absolute 
alcohol, dry at 110°, and weigh. Pleat the filtrates to boiling a,nd tn^at 
with a boiling-hot, concentrated Ksolution of SnGl.i whi(;h has Ix'fui dis- 
solved in a mixture of one part concentrat(Kl hydrochloric aefid and i/Wo 
parts alcohol Allow to cool, and aft(u* 4 liours filiicu* off tlu'. precipi- 
tate of Cs 2 SnCl 6 and Rb 2 SnCl(;, wash with absolute^ alcohol, dry at 100°, 
and weigh. If it is desired to ck'termiiK^, th(^ i)o(.a.ssiiim, treat the 
filtrate with perchloric acid and determine the j)oi.assium not ixunoviHl 
as chloride by the treatment with hydrochloric a,cid and alcohol Add 
the corresponding weights of both precipitatcis to o])l,ahi the total 
potassium content. Dissolve the weighcid chlorovstaimat/cis in 5 po,r 
cent tartaric acid solution, saturate with hydrogcui sulfid;, and filtcu* off 
the stannic sulfide precipitate. Kvaporarii th(^ filtrate to dryness, and 
ignite carefully to destroy the tartaric acid. 

Treat the residue with an equal weight of FoOI^ and dissolve in as 
little water as possible. Add 6 ml of glacial acetic acid for (^a(;h 0.1 g 
of mixed chlorides and heat Just to boiling. Add a cold, 30-40 p(;r cxuit 
solution of SbCla in glacial acetic acid, digest 1 hour on tlui watc^r- 
bath, cool and allow to stand for at least 12 hours. Filter through a 
Gooch, Munroe, or glass filtering crucible, and wash the precipitate of 
Cs 3 Sb 2 Cl 9 with a 5-10 per cent solution of SbCb in glacial acetic acid. 

* Z. anal Chem., 67, 321 (1925). 

t Perchlorates can be converted into chlorides by careful ignition. 
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If considerable rubidium was present, it is necessary to dissolve this 
precipitate in hydrochloric acid and repeat the precipitation with 
SbCls. The second precipitate should be pure. 

Dissolve the final precipitate of Cs3Sb2Cl9 in hydrochloric acid, dilute 
until it is approximately 0.3 N in acid, disregarding any SbOCl precip- 
itate that may form, saturate with hydrogen sulfide, filter off the Sb2S3, 
evaporate the filtrate to dryness, and determine the cesium as CSCIO4 
as described for the determination of potassium on p. 63. Deduct the 
corresponding weight of Cs2SnCl4 from the weighed mixture obtained 
above to obtain the weight of 

Ammonium, NH4. Mol. Wt. 18.04 
Forms: NH3, NH4CI, (NH4)2PtCl6, Pt, N2 

There are two cases to distinguish: (1) The ammonium is present 
as chloride in aqueous solution. (2) The ammonium is present in 
solution together with other cations and anions. 

1. The Solution Contains only NH4+ and Cl' Ions 

In this case the solution can be evaporated to dryness and the residue 
of ammonium chloride weighed; or the ammonium can be precipitated 
as (NH4)2PtCl6 and the precipitate weighed; or the ammonium chloro- 
platinate can be ignited and the residue of platinum weighed. 

(a) Determination as ]NrH4Cl 

Add concentrated HCl to the aqueous solution and evaporate to a 
small volume on the water-bath at as low a temperature as possible, 
transfer the solution to a crucible, evaporate on the water-bath to dry- 
ness, and heat the covered crucible to constant weight in a drying- 
oven. Good results are obtained, but they are always a little low. On 
evaporating the aqueous solution some NH4CI is driven off, and the 
amount lost increases in proportion to the quantity of water used and 
the temperature at which the evaporation takes place. In cold, aqueous 
solution, ammonium chloride is largely ionized, NH4CI— >NH4‘^ + Cl". 
As the temperature is raised, hydrolysis takes place to an appreciable 
extent, NH4CI + H2O NH4OH + HCl, and NH3 evaporates from 
the ammonium hydroxide noticeably faster than does hydrogen chloride. 

If, however, a little hydrochloric acid is added to the solution the 
hydrolysis is prevented and the loss of NH3 is reduced to a minimum. 
The ammonium chloride must be dried in a covered crucible as other- 
wise a small quantity of the salt will be lost, but this loss is small in 
comparison with the possible loss during the evaporation. 
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(h) Determination as (NH 4 ) 2 PtCl 6 

On heating (NH 4 ) 2 PtCi 6 to 130° the salt is unchanged. An aque- 
ous solution containing HCl, NH4CI and an excess of H 2 PtCl 6 can be 
evaporated to dryness without appreciable loss of NH3. To the aqueous 
solution of ammonium chloride, therefore, add an excess of chloroplatinic 
acid and a little hydrochloric acid. Evaporate to dryness at as low a 
temperature as possible. Pour absolute alcohol over the residue to dis- 
solve the excess of PLPtCle, break up the crystals with a stirring-rod, 
and filter through a Gooch crucible. Dry at 130° and weigh. 

(c) Determination as Platinum 

Instead of weighing the (NH4)2PtCl6 as such, it can be decomposed 
by ignition and the weight of the residual platinum detcaanincd. As 
ammonium chloroplatinate decrepitates strongly on being heated, the 
ignition must take place in a large porcelain crucible, which is provided 
with a close-fitting cover. The precipitate must be heated gradually 
at first to prevent loss. It is best ignited according to the directions 
of Rose. Place the precipitate and filter in the crucible with the filter 
paper on top, cover the crucible, and heat over a small flame until the 
paper is completely charred without allowing the vapor to escapes vis- 
ibly from the crucible. Then heat the crucible with a hotter flame, 
allowing free access of air into the inclined crucibli‘, until tlui charred 
filter is completely consumed. 

2. The Ammonium is Present Together with Other Cations 
and Anions in Solution or in Solid Form 

The solution is distilled after the addition of a strong base (NaOTI or Ca(OTT) 2 ), 
the ammonia evolved is absorbed in hydroehloriti ac.id, and the resulting solution is 
analyzed according to 1. 

Procedure. Place about 0.5 g of the substance to be a.naJyz(H] in 
the 400-500 ml Erlenmeyer flask K, Fig. 31, dissolvci it in 200 mi of 
water, add a few drops of litmus or phenolphthaloin indicator’*' solution, 
and if the solution reacts acid, slowly add through T some 12i\r sodium 
hydroxide solution (which has been previously boilcKl to expel traces 
of ammonia) until the color of the solution (well-mixed by shaking) 
shows a basic reaction; then add 5 ml more of the caustic soda solu- 

* An excess of strong caustic alkali solution will decolorize phenolphthalein. 
Only a little more than enough NaOH to turn the phenolphthalein pink is nec- 
essary. 
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tion.* Heat the liquid to boiling and carefully distil 100 ml into the 
receiver V, containing 30 ml of 0.5 N hydrochloric or sulfuric acid. 
To make sure that no ammonia escapes from the receiver it is well 



to connect it with a second absorption flask containing 5 ml of 0.5 W 
acid and some distilled water. 

After 100 ml of the liquid has distilled over, all the ammonia will 
be found in the receiver and can be determined according to 1 (a) or 
1 (6); preferably the latter. The determination can be carried out 
much more quickly, however, if the receiver contains a measured amount 
of standardized acid and the excess is determined after the distillation by 
titration with methyl orange or methyl red as indicator (cf. Alkalimetry). 

It is also possible to make an accurate determination of the amount 
of ammonia present by measuring the volume of the gas. f 

Colorimetric Detenmnation of Ammonium 

For the determination of such small quantities of ammonia as occur 
in drinking-water, the above methods are not suited. In this case the 
procedure is the same as was described in Vol. I, under Ammonium, 
(For mineral waters it is necessary to add more than one drop of the 
soda solution, the amount necessary being determined by adding 
litmus to a definite volume of the water and then adding the soda 

* The separatory funnel T should be roughly calibrated before setting up the 
apparatus, by pouring water into it, 1 nal at a time, and marking with a pencil the 
level of the liquid on the glass. 

■f Cf. Part III, Gas Analysis. 
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solution until the litmus changes to blue.) Receive the distillate in 
50-ml graduated Nessler tubes (in the fourth one there is usually no 
ammonia to be detected) and Nesslerize these. "To do this, mix 50 ml 
of distillate with 2 ml of Nessler solution and compare the color pro- 
duced with the colors obtained similarly from a sericjs of tubes con- 
taining known amounts of ammonia. When a standard is found of 
the same shade as the solution tested, then the two solutions contain 
the same amount of ammonia. 

Prepare the ammonium chloride standards as follows: Dissolve 
3.141 g of ammonium chloride, which has bccm dried at 100°, in 1 1 
of water free from ammonia (cf. Vol. I, under Anmofdwm), The 
solution now contains 1 mg of ammonia (Nila) p(u* -milliliter; this, 
however, is too strong for most purposes. "Tak(! 10 ml and dilute 
to 1 1. Of this solution 1 ml contains 0.01 mg Nila. If tlui water 
to be analyzed contains considerable ammonia, a smalku’ portion should 
be taken for the analysis than in ordinary cases (500 ml), as otluu-wise 
the first distillate (50 ml) would give too intcmse a color with th(‘ Nessler 
solution. In such a case use only 50 ml of the water for the analysis and 
dilute to 500 ml with water free from, ammonia iind tluvn distilkHl 

To determine how much should be taken for the analysis, mak(j the 
following experiment : 

Place about 100 ml of the water to be tc^stial in a. mirrow cylinder 
(which is provided with a ground-glass stoppcu*), arid 2 ml of a si.rongiy 
alkaline sodium carbonate solution* to precipitates tins calcium which 
may be present, shake the mixture' vigorously, and allow tiic^ pnHapitate 
to settle. From the clear supernatant liquid pipet off 50 ml into a 
Nessler tube, treat with 2 ml of Nessler solution and mix. f If a strong 
yellow color, or even a precipitate, is obtained, tlnm taka only 50 ml 
of the water for analysis. If, on the other hand, not more than a faint 
coloration is apparent, use 500 ml for the determination. 

For the Nesslerization, place the three cylinders each containing 50 ml 
of the distillate over a sheet of white paper, add 2 ml of tlu^ Nessler 
reagent, and mix. Beside them place a series of similar cylimk^rs con- 
taining respectively 0.0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0 ml of tlui standard 
ammonium chloride solution diluted to 50 ml Trcjat ihm) also with 


* Fifty grams NaOH and 50 g Na 2 C 03 (calcined) disHolved in COO ml of pure 
distilled water and the solution boiled until the volume is only 5()() ml. 

t In mineral waters rich in magnesium sulfate, the addition of the 10 ml of sodium 
carbonate solution often fails to prevent a turbidity on adding the Nessler reagent, 
which would render a colorimetric determination impossible. In this ease add 10 
ml of a boiled BaCb solution (120 g BaCl 2 - 2 H 20 in 500 ml HoO) before treating 
the water with the sodium carbonate solution. 
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2 ml of the Nessler reagent and match the colors obtained in the test 
with those obtained from known amounts of ammonia. 

The Nessler reagent should give a distinct coloration with 500 ml of 
water containing 0.005 mg NHs; if it does not, it must be made more 
sensitive by the addition of mercuric chloride solution. 

For mixing the liquid in the cylinders it is con- 
venient to employ a stirrer such as is shown in Fig. 

32, the diameter of the bulb on the end being only 
slightly less than that of the cylinder. By moving 
this stirrer up and down twice, the liquid becomes 
thoroughly mixed. 

KjeldahPs Method for Determining Nitrogen 

The methods which have been described thus far are suitable 
only for the determination of nitrogen when it is in solution in the 
form of NH 4 ‘'' ions. It is, however, of great importance to be 
able to determine nitrogen when it is present other than as an 
ammonium compound (in protein, coal, etc.). The Kjeldahl 
method converts such nitrogen into ammonium salt. 

By heating nitrogenous organic substances with concentrated 
sulfuric acid, potassium permanganate, mercuric oxide, etc., the 
organic matter is destroyed and the nitrogen is completely changed to ammonium 
and held as ammonium acid sulfate, from which the ammonia can be readily dis- 
tilled. Selenium is an excellent catalyst for this reaction. Of. p. 78. 

Procedure. — Place from 0.7 to 3.5 g of substance, according to 
the nitrogen content, in a 500-600 ml Kjeldahl digestion flask. This 
is made of difficultly fusible potash glass and has a long neck to act as 
a condenser during the digestion process. Add about 0.7 g of mercuric 
oxide or 0.65 g of mercury, and 2-30 ml of concentrated sulfuric acid. 
Place the flask in an inclined position and heat very gently until the 
substance is thoroughly wet with the acid and frothing ceases. Then 
gradually raise the temperature until the acid boils and is nearly, if 
not quite, colorless. Usually 90 minutes’ digestion is sufficient. 

Allow to cool, dilute to about 200 ml, add a few pieces of zinc or 
pumice to prevent bumping, and 25 ml of potassium sulfide solution 
(40 g to the liter). This causes the precipitation of black mercuric 
sulfide. Add sufficient strong sodium hydroxide solution to make the 
solution alkaline (80 ml of 12 N NaOH should be sufficient), pouring it 
down the side of the flask so that it does not mix with the acid. Quickly 
connect with a condenser and distil off the ammonia into a measured 
volume of standard acid as in the analysis of an ammonium salt. 

Figure 33* shows how a series of analyses can be carried out simul- 

* From Scott^s Standard M^ihods of Chemical Analysis. 



Fig. 32. 
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taneously in a busy laboratory. The Hopkins’ distillation tubes used 
to connect the distilling flasks with the condensers are useful in prevent- 
ing errors by bumping. 

Always inakci a l)lank test with 
all the ixiagenl-s using about 1 g of 
sugar for tin; digcistion. Tho sugar 
servos to redueo any nitrates that 
are present in thci rtiagtaii^s. 

Gunning’s Method for De- 
termining Nitrogen 

Instead of using mercuric oxide 
or mercury as a- cataJyzcu- in (lie 
digestion of organics nniterials, 
Gunning has nKJoinmcmded the 
use of 10 g of pure' potassium 
sulfate. Usually tlu^ dig(‘st,ion is 
accomplished just/ as {|ui(;kly and it 
is unnec(‘ssary io add pot.assium 
sulfide. Th(!i solutioii is, ilauxifore, 
clear during th(‘ disiilhit/ion and 
there is less danges' of bumping. 
The proccnluni is tlu^ sanu^ otluu- 
wisc. The tim(‘ nxpiinHl for tlu^ 
digestion is greatly shortened if 25 ml of a 2 ixu- (xmt solution of 
H 2 Se 03 is concentrated sulfuric acid is addcxl togidiau- wit-h tiu' K^KO.i. 

The Kjeldahl and Gunning methods will usually give liu^ nit,rog(m 
present as nitrate if the original digestion is made wit-h 30 ml of (con- 
centrated sulfuric acid containing 1 g of salicylic a,cid. Allow th(‘ acid 
mixture to stand 30 minutes with fre(]uent shaking, add 5 g of NaoSoO.-j, 
and heat 5 minutes. Then add 10 g of K 2 SO 4 (or NaaSO.j) and dig(cst/ in 
the usual way. 



Fig. 33. 


Osborn and Krassitz* have shown that a mixture of racrcuric^ oxidtc juul H(d(nuum 
is a very efficient catalyst. Taylorf found in determining the niirogcni (-onUiiU/ of 
cereal products that, after 30 minutes’ digestion of i g of sample with th(^ tisuai (}ua,n- 
tity of concentrated sulfuric acid and 10 g of a mixture of 100 pari/S Na 2 H() 4 - 7 Ih;(), 
7 parts HgO, and 1.5 parts Se, better values were obtained than aftc^r 90 miniiUis' 
digestion with acid and HgO alone. 


* /. Assoc. Official Agr. Chemists, 16, 110, 113 (1932). 
t Ind. Eng. Chem., 6 , 263 (1933). 
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Magnesium, Mg. At. Wt. 24.32 
Forms: MgS04, Mg2P207, MgNH4P04-6H20, Mg(C9H6NO)2 
(a) Determination as MgS04 

This method for the determination of magnesium can always be 
employed when the magnesium is combined with an acid which can be 
volatilized by heating with sulfuric acid, and when no basic constituent 
other than ammonium is present. 

Place 0.5 g of the substance in a crucible and add about 2 ml of con- 
centrated sulfuric acid. Substances which react violently with con- 
centrated H2SO4 should be first treated with water, and dilute sulfuric 
acid added little by little. Evaporate on the water-bath as far as 
possible, and remove the excess of sulfuric acid by cautiously heating 
the crucible, held in an inclined position, over a free flame. Finally, 
heat the dry mass just to redness in a covered crucible, cool in a desic- 
cator, and weigh as quickly as possible, as the anhydrous magnesium 
sulfate is hygroscopic. 

(6) Determination as Magnesium Pyrophosphate 

This, the most important of all the methods for the determination 
of magnesium, is always applicable and depends upon the following 
principles: If the solution of a magnesium salt is treated with an alkali 
orthophosphate solution in the presence of ammonium chloride and 
ammonia, the magnesium is completely precipitated as magnesium am- 
monium phosphate, MgNH4P04-6H20, which by ignition is changed 
to magnesium pyrophosphate: 

2MgNH4P04-6H20 = 2 NH 3 + 13 H 2 O + MgsPgOr 

Formerly it was a common practice to precipitate magnesium am- 
monium phosphate in the cold. Neubauer* showed, however, that 
this sometimes leads to high results and sometimes to low ones. The 
results are low when the precipitation takes place in strongly am- 
moniacal solutions containing but little ammonium salts, partic- 
ularly when the phosphate solution is added slowly, Tribasic magne- 
sium phosphate, Mg3(P04)2, contaminates the precipitate. On the 
other hand, the results are too high if the precipitation takes place 
in neutral or slightly ammoniacal solution in the presence of considerable 
ammonium salts. In this case more or less monomagnesium ammonium 
phosphate, Mg(NH4)4(P04)2, is formed. This compound is changed 
to magnesium metaphosphate by gentle ignition : 

2 Mg(NH4)4(P04)2 = 2 Mg(P03)2 + 8 NH3 + 4 H2O 


* Z. angew. Chem., 1896, 439. See also Gooch and Austin, Z. anorg. Chem.y 20, 121. 
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and the results are too high. When only a little of the nietaphosphate 
is present, the temperature of the blast lamp will eventually lead to 
volatilization of some phosphorus pentoxidc : 

2 Mg(P03)2 = Mg2P207 + PoOr. 

so that nearly correct results arc then obtained. 

Recent studies have shown that during tlie ignition of MgNIi 4 P 04 
there is likely to be a loss of phosphorus due to i.lu^ rcHiuetion by hot 
carbon. Two ways of overcoming this difficulty luivci b(i(ui suggested, 
McNabb* * * § recommends dissolving the precipitate*, off tiu* filt(a* by means 
of nitric acid, making the solution slightly ammonia-e.-il and ('va,porai,ing 
in a weighed porcelain crucible. McCandless and Burton f n'comiiuaid 
washing the precipitate at the last with a, conc(*nt.rat(Hl solution of 
ammonium nitrate in 1.5 Af ammonium hydroxide*. In (*itlK*r case 
careful ignition gives a white precipitate of magn(*sium pyrophos- 
phate and there is no reduction or loss of ])hosph()rus. 8chniitz:i: 
has shown that precipitation in th(^ presence of ammonium ac(*tat,e is 
advantageous. 

Method of B. Schmitz § 

If the original volume is over 300 ml it is weffi to (H)nc(m(,rat(^ the 
add solution by evaporation on the hot plabi. If tlu* solution is a,(;- 
cidentally evaporated to dryness, moisten tlu* nvsidue with 5 ml of 
6 AT hydrochloric acid and enough water to dissolves ammonium salts, 
which are always present when the magn(^sium is d(‘i(‘rmm(Hi in the 
filtrate from the precipitation of calcium oxalak^. If a el{‘ar solution is 
not obtained, heat to boiling and filt.er if n(H;(‘ssa,ry. Wash the*, pn*- 
cipitate (usually a little silica from the glass) oim\ witli 2N hydrochloric 
acid and then with hot water till fre(! from cbloridt*. 

To the acid solution add 5 g of ammonium acf*i,a(,(*, a,n (*x(‘(*ss of 
ammonium phosphate, and a few drops of irhenolphtluihan solution. 
Heat the solution to near the boiling point and tlu'n slowly add 1.5 N 
ammonia water until a faint pink color is ()l)tairKHl a,nd a slighi, piv.djn- 
tation takes place. Stir well for about a minub*, touching tlu* sid(*s 
of the beaker as little as possible. Whem the prcKiipitato ha.s b(*come 
distinctly crystalline, add more ammonia until a d(*.ep (!olor is ol)taine(i 
with the phenolphthalein. Allow the solution to cool, tlum add one- 

* J. Am. Chem. Soc., 49, 891, 1451 (1927). 

t Ind. Eng. Chem., 16, 1267 (1924). 

t Z. anal. Chem., 66, 46-53 (1924); cf. McNabb, /. Am. Chm. y%c., 60, 300 (1928), 

§ Z. anal. Chem., 66, 46 (1924), 
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fifth the solutionis volume of concentrated ammonium hydroxide and 
allow to stand at least 4 hours, preferably over night. 

Filter into a weighed Gooch crucible. Wash the precipitate with 
1.5 i\r ammonia until free from chloride, and finally moisten it with 4-5 
drops of a saturated solution of ammonium nitrate in 1.5 W ammonia. 
Ignite very slowly, gradually increasing the heat until the precipitate 
is white. After cooling, weigh the Mg2P207: 

2 MgNH4P04 = 2 NHs + H 2 O + Mg2P207 

From the weight of the latter, p, the content of magnesium or of mag- 
nesium oxide, can be calculated. 

The precipitate can be filtered upon an ashless filter paper, but in all 
cases the ignition must be gradual, in order to obtain perfectly white 
pyrophosphate. By rapid ignition, some of the phosphorus is reduced 
by the ammonia. This reduction is likely to injure a platinum crucible. 
Often a black precipitate can be whitened by moistening with strong 
nitric acid and carefully heating. This treatment, however, should 
be avoided by carefully igniting the precipitate. 

The precipitate has the formula MgNH4P04*6H20 when formed in cold, aqueous 
solutions. It can be weighed in this form, and since it will then weigh about 2.2 
times as much as the corresponding weight of Mg 2 P 207 , a slight error in the final 
weight, such as is likely to occur in igniting the precipitate, has less effect upon the 
final result. Above 60°, the stable form is MgNH 4 P 04 -H 20 , and it can be weighed 
as such after drying for an hour at 100° with fairly satisfactory results. 

To weigh the precipitate with its six molecules of water, proceed as above but 
omit the treatment with ammonium nitrate solution. For filtering use a Gooch 
crucible which has been washed with alcohol and ether, as described below, and 
weighed. 

After removing all soluble salts by washing with 1.5 N ammonia, wash the pre- 
cipitate with four 5-ml portions of ethyl alcohol, draining well after each washing. 
This serves to remove nearly all the adhering water. Then wash the precipitate 
with four 5-ml portions of ether, draining after each washing and drawing air through 
the crucible for 5 minutes after the last washing. Then wipe off the outside of the 
cold crucible, allow it to stand in a desiccator for 20 minutes, and weigh. Students 
find this method of handling the precipitate the easiest and quickest. The results 
are good. To make sure that all soluble salts have been removed, wash the weighed 
precipitate with some 1.5 N ammonia, and then with alcohol and ether as before. 
The new weight should agree with that first obtained. 

Method of Epperson* 

To the neutral or slightly acid solution of magnesium chloride, con- 
taining not more than 0.1 g of MgO and having a volume of about 150 
ml, add 5 ml of concentrated hydrochloric acid and some methyl red 


Alice Whitson Epperson, J. Am. Chem. Soc.j 60, 324 (1928). 
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indicator solution. Add 10 ml of 20 per cent (NH4)2HP04 solution 
and, while constantly stirring, concentratcid aniinoriiuin hydroxide 
until the solution contains 5 ml more of this ixjiigcnit than enough to 
make the solution neutral. Allow the solution to stand at least 4 hours 
or preferably over night. Filter and wash witli 1.5 ammonium 

hydroxide. Dissolve the precipitate on tlu^ filtcu- by washing it alter- 
nately with small portions of hot 1.5 A' hydrochloric acid and hot water. 
Add 1 ml of the ammonium phosphate solution and T*ei)eat the precipi- 
tation of magnesium ammonium phospluite a.s b(4ore in ji volume of 
100-150 ml. Allow the precipitabj to stand a,i kxist. 4 hours, hlicM’, and 
wash with 1.5 A ammonium hydroxide until fnui from chlorides, a,n(l then 
moisten with 4-5 drops of a, sa,tura.ted soluNon of ammonium nitrate 
in 1.5 A ammonium hydroxide. IgniU^ caind’ully, inking care not 
to let the filter paper take fire, at a,pproxima.i-('ly 5(){)'^ until the 
precipitate of MgolV)? is white, and finally al 1000'’ to (jonsi.ant 
weight. 

By this double precipitation a normal precipii.ate is obi-airaHl The 
precipitate can be weighed as MgNH.tP04-ll20 or as MgNn,iP04*6H20 
as described above. 

(c) Determination of Magnesium with 8-Hydroxyquinoline 

S-Hydroxyciuiiioliue, for whic.h th(‘. trivial nanui orinr has Ix'on propoHcd, has the 

no 

empirical formula IICdloNO and i.he stnadural fonnula Tiie hydro^i;en 

\/\/ 

of the OH group is replaceable by modal, n.nd pro(‘ipit,!ii.(‘s ar<^ prodm-od umlor (‘ortain 
conditions when the reagent ia a.(l(Uid to Holutions containing ions of inagiunsium, 
aluminum, copper, bismuth, cadmiunp ziiu^, mercuric; mercury, I(‘ad, antimony, tin, 
vanadium, uraniitrn, iron, titanium, zirconium, tantalum, colurnbium, mangaiiCHO, 
nickel or cobalt. The reag(;ut, tii<;r<‘forc, is not siKHaOt; for a,ny particailaj- ion, but 
the solubility of the various procif)itad(;.s vn,rics enough ho i.hat, il. can b(‘ uscxl for 
numerous separations. None; of the [>rc(;ipita.t(;.s is formcnl from Ht.rongly a,ci(l solu- 
tions. Some of them are formed from sohitionH containing arctic arid a.n(I aikah* 
acetate, some from solntions which are a,mmoniaca,l, n.nd still othcTS from Holutions 
which are made alkaline with sodium hydrenxidc. Magn<;siunj hydroxycpiinolinato 
is much less soluble than the c;orrospoiuling c^alcinm compound, and pure; pr(;ci]n- 
tates of the magnesium c.ornpo'und can be obtained in ili(‘ of .small cpian- 

tities of calcium. The greenish yellow precipit.at(; is cTystaJIinc, (‘asy lo handle;, and 
forms somewhat more readily than does magne.sium a.mmonium i)hoHphat(;, hut, 
as with that compound, large quantities of ammonium Sidf., (;Kpecia.lIy ammonium 
oxalate, prevent its formation. The precipitate (;a.n be wen'glud a..s MgrCidl«ON)r- 
2 H 2 O after drying at 105° or without the water of crystallizadion alte;r drying at 
140°. Instead of weighing the precipitate, it can be elissolvc.d in dilute; hydrochlorie; 
acid and titrated with KBrOg-KBr solution, in whiedi case each atom of magnesium 
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is equivalent to 8 atoms of bromine, as the following equations show: 

Mg(C9H60N)2*2H20 + 2 HC 1 = MgCk + 2 C9H7ON + 2 H2O 
C9H7ON + 2 Bra - CgHsONBra + 2 HBr 

The Br is formed when the mixture of KBrOs and KBr comes in contact with acid: 
BvOr + 5 Br- + 6 H+ = 3 Bra + 3 H 2 O 


The end point of the titration can be determined with indigo carmine as indicator, or, 
as is better, an excess of the KBrOs-KBr solution can be added, whereby an excess of 
Bra is provided which vull react with KI and liberate iodine which can be titrated with 


(see lodometry). 


The formula of the bromine compound is 


HO 


^r 





Br 

The following directions for determining magnesium as the hydroxyquinolinate will 
apply to a solution from which calcium has been removed as oxalate, as in the analy- 
sis of minerals.* 


Reagent, — Dissolve 25 g of S-hydroxyquinoline in 60 ml of glacial 
acetic acid. Dilute the solution with cold water to 2 1. One milliliter 
of this solution is equivalent to 0.0017 g of MgO. 

Procedure. — To the solution of magnesium salt containing sufficient 
NH4CI to prevent precipitation of Mg(OH)2 on adding ammonia, add 
NH4OH until the solution is distinctly ammoniacal. Heat to 60-70°, 
and to the hot solution add, while stirring, an excess of the reagent. 
The excess is shown by the solutions becoming yellow. Add 4 ml of 
concentrated NH4OH, stir for 10 minutes with a mechanical stirrer, 
and allow to stand until the precipitate has settled. Filter through 
a weighed Gooch crucible, wash the precipitate with hot, 0.4 iV NH4OH, 
dry at 105°, and weigh as Mg(C9H6N0)2-2H20 containing 6.988 per cent 
Mg or 11.56 per cent MgO. 

The use of a mechanical stirrer is helpful but not absolutely necessary. 


Separation of Magnesium from the Alkalies 

The methods of Schmitz and of Epperson serve to separate magnesium 
from the alkalies if the determination of magnesium alone is desired. 
If it is desired to determine magnesium and the alkalies in one and the 
same sample, it is best to proceed as follows if 


* Eedmund and Bright, Bur. Standards J. Research, 6, 113 (1931). 
t Gooch and Eddy, Z. anorg. Chem., 68 , 427 (1908). 
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Schaffgottsch Method for Precipitating Magnesium* 

The method is based upon the fact that magnesium can be precipitated quanti- 
tatively, by means of an alcoholic solution of ammonium carbona,te, as crystalline 
magnesium ammonium carbonate, MgC03*(NH4)2C03 *01120. 

Preparation of the Precipitant. — Saturate a mixture of 180 ml concentrated 
ammonia, 800 ml water, and 900 ml absolute alcohol with (^ommer(!ial ammonium 
carbonate. Shake the mixture occasionally and after several hours filter off the 
excess of carbonate. 

Procedure. — Treat the neutral solution containing only magnesium 
and the alkalies (lithium must not be present), prcfcu-ably in the form of 
chlorides, with an equal volume of absolute alcohol and tlum with an 
excess of the ammonium carbonate reagent. Stir vigorously for a few 
minutes and allow to stand for at least half an hour. Filtcn- tlirough 
a Gooch or Munroe crucible. Wash with the precipitant, dry, ignite, 
and weigh as MgO. 

If considerable alkali is present the precipitate always (jontains a 
small quantity of it. In such cases dissolve the precipitates in hydro- 
chloric acid, evaporate the solution to dryness, take up the ixisidue in a 
little water, and repeat the precipitation. 

Evaporate the combined filtrates to dryness and detnrmino the alkali 
as described on pp. 59-73. 

Barium Hydroxide Method 

If it is desired to separate magiioaium from the alkalies iu order fha,t» the alkalies 
may be determined, the magnesium may be precipitated as magncHium hydroxide, 
from a solution free from ammonium salts, by the addition of ])arium iiydroxide 
solution. The barium is then removed l)y ammonium carbonate and the alkalies 
determined in the filtrate. For the detaile<l dcacriptioti of this method see Hiliciitc 
Analysis. Even in this case, however, the use of th(i B(dHiffgottHch method of 
separating magnesium from the alkalies is more satisfactory. 


Pogg. Ann., 104 , 482 (1858). 
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METALS OF GROUP IV 
CALCIUM, STRONTIUM, BARIUM 
Calcium, Ca. At. Wt. 40.08 

Forms: CaO, CaC 204 -H 20 , CaCOs, CaS 04 

1. Determination as Calcium Oxide (Lime), CaO 

For the determination of calcium as CaO, it is best precipitated as the oxalate and 
converted to the oxide by strong ignition. The solution should contain no other 
cation besides magnesium and alkalies. Enough ammonium salt should be present 
to prevent the precipitation of Mg(OH )2 upon adding ammonium hydroxide. 

Procedure. — Heat the dilute, slightly acid solution to boiling and 
add a slight excess of hot ammonium oxalate solution. Slowly neu- 
tralize with ammonium hydroxide, while stirring, and allow the pre- 
cipitate to settle for about 4 hours. Add a little more ammonium 
oxalate to make sure that the precipitation is complete. Decant off 
the clear liquid through a filter, cover the precipitate with boiling water 
containing ammonium oxalate,* allow to settle, filter, and repeat this 
washing by decantation three times. Finally transfer the precipitate 
to the filter and wash with a hot, very dilute solution of ammonium 
oxalate, until free from chloride. Place the moist filter in a platinum 
crucible and ignite carefully. Heat the precipitate cautiously at first, 
so that the too rapid evolution of carbonic oxide will not cause loss. 
After the filter is burnt and the precipitate is perfectly white, cover the 
crucible and heat strongly over a Meker burner or blast lamp for 20 
minutes. 

Allow the crucible to cool to about 100° in the air and then for 15 
minutes in a desiccator. Weigh as CaO. Heat for another 10 minutes 
over the Meker burner to make sure that all the calcium carbonate 
has been decomposed and again weigh. 

During the ignition, the following reactions take place: 

(1) CaC 204 CaCOs + CO (at dull redness) 

(2) CaCOs CaO + CO 2 (at about 1000°) 

Remarks. — With an ordinary Bunsen burner and an open crucible but little 
calcium oxide is formed. It is difficult to convert the precipitate completely to 
oxide if a porcelain crucible is used but if loss of heat by radiation is partly stopped 
by covering the platinum crucible, it is possible to convert 0.5 g of calcium carbonate 
to oxide by heating 1 hour over a Tirrill burner. 

* T. W. Richards found that the calcium oxalate precipitate is appreciably sol- 
uble in pure water but practically insoluble in a dilute solution of ammonium oxalate . 
(Z. anorg. Chem.j 28, 85 (1901)). 



86 


GEAVIMETRIC ANALYSIS 


Most beginners make the mistake of heating precipitates too fast at the start. 
It is always easiest to get white products if the paper is smoked off and burned at as 
low a temperature as possible. To hasten the decomposition of the rairbonate, the 
crucible may be heated within a much larger clay or graphite (a-uc.ible. Saw off the 
bottom of the graphite crucible and make holes in the sides to hold iiichrome wires, 
to support the crucible. Heating in such a mantle prevents some of the loss of heat 
by radiation, and a temperature is obtained nearly as high as tha,t in a (uaicible over 
a blast lamp. 

Calcium oxide is hygroscopic but when strongly ignitc'xl there is no difficulty in 
weighing it provided the above directions are followed, it is, however, never safe to 
assume that the first weight is corre(;t. If the cold crucible and its (contents appar- 
ently gain weight rapidly while on the balance pan, it i.s proba])I(i thal, a, little cal- 
cium chloride is present, owing to incomplete wasliing of the pre(^ipiia,te. This can 
be removed by moistening several times with ammonium <iarhoiiat(‘. a,nd heating 
after each addition of carbonate. 

Sometimes a little calcium sulfate is formed by allowing the ga,s flame to enter 
the crucible. This is not a serious source of error with the illuminating gas of most 
American cities. 

If both solutions are not boiling hot during the precipitation, the (‘a.lciimi oxalate 
forms very fine crystals; it then settles very slowly and pn,ssos readily through the 
filter. 

Calcium oxalate is inappreciably soluble in water and dilute acetic add contain- 
ing dissolved ammonium oxjdate, but readily soluble in mineral adds. One lit, (a- of 
pure water dissolves 10 mg of ealdum oxalate. 

The precipitate, when formed in a boiling solution, c.orresiKjnds to the formula 
CaC 204 *Ii 20 . It can be weighed in this form after drying a,t l()0'’’d0r>'\ 


2. Determination of Calcium as Sulfate, CaS 04 

This method is chiefly mod in the analysis of ciilciiiin sa.lis of organic 
acids or for the conversion of calcium oxalates to sulfaln in a porc(‘lain 
crucible. For this purpose heat th(i calcium salt in a wcugheui (a-ucilffc 
until the organic matter is destroy(‘d. Fluiii coven* tlu^ cnudblo with a 
watch glass, add some dilute sulfuric acid, and heat ui)on (h(‘ wattn*- 
bath until there is no longer any evolution of carbon dioxiden Wasli 
off the under side of the watch glass and (wa.j)<)nii,(‘ thci licpiid as far as 
possible on the bath. Then carefully cx[)(d <^xc(^ss of sulfuric a,cid hy 
inclining the crucible and heating ovor tlu^ fr(K‘ flanie (or in a,n air- 
bath) (cf. Fig. 14, p. 37). Ignite gently and W(‘igh. By st-rong ig- 
nition calcium sulfate loses BOn* 

Calcium may also be precipitated as calcium sulfatcn Tnuit the) 
neutral solution containing about 0.1 g of calcium in 25 ml with 2 ml 
of sulfuric acid, add four volumes of alcohol, and allow tlui mixture 

* After heating for 1 hour to dull rednesKS, 0.2052 g CaSO^ remained unchaiigc^d in 
weight, but on heating with the full flame of a Tcc.lu buriuir, it lost 0.(K)04 g in 
weight. On heating for 1 hour over the blast lamp it lost 0.0051 g. (J. Weber.) 
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to stand 12 hours. Filter, wash with 70 per cent alcohol, gently ignite 
in a crucible, and weigh. 

3. Determination of Calcium as Carbonate, CaCOs 

Only in rare cases is calcium precipitated as carbonate by ammonium 
carbonate in the presence of ammonia. Gently ignite the filtered and 
washed precipitate and weigh as carbonate. After weighing, moisten 
the residue with a little ammonium carbonate solution, evaporate to 
dr5m.ess on the water-bath, and again ignite gently. This is done in 
order to change small amounts of calcium oxide, which may have been 
formed during the burning of the filter paper, back to carbonate. 

In the presence of considerable ammonium chloride the precipitation 
of calcium by means of ammonium carbonate is never complete whereas 
the precipitation with ammonium oxalate always is. 

If a calcium oxalate precipitate is ignited to constant weight in a 
porcelain crucible at a temperature ranging from 675^-800°, while a 
current of dry carbon dioxide is constantly being led into the crucible, 
the precipitate is converted into calcium carbonate.* To obtain a 
suitable temperature range, heat the precipitate in a 30-ml Gooch 
crucible, covered with a Rose crucible cover and resting in a 15-ml 
porcelain crucible which is heated with the full heat of a Bunsen burner. 
Under these conditions potassium iodide (m.p. 685°) should melt in the 
Gooch crucible and potassium chloride (m.p. 790°) should not. Heat 
the crucible slowly at first to dry the precipitate and then with the full 
heat of the burner for 15 minutes, continuing the current of carbon 
dioxide until the crucible is nearly cold. 

Strontium, Sr. At. Wt. 87.63 
Forms: SrS 04 , SrCOg, SrO 

The determination as the sulfate is the most accurate. 

Determination of Strontium as Sulfate, SrS 04 

Procedure, — To 100 ml of the neutral solution containing not more 
than 0.5 g of strontium add 5 ml of 6 A sulfuric acid and as much 
alcohol as there is volume of solution. Stir well, allow the mixture to 
stand 12 hours, filter and wash, at first with 50 per cent alcohol to 
which a little sulfuric acid has been added, and finally with pure alcohol 
until the wash watef"no longer gives the sulfuric acid reaction. Dry, 
ignite, cool, and weigh. 


H. W. Foote and W. M. Bradley, J. Am. Chem. Soc.^ 4=8, 676 (1926). 
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Remarks. — Only about 0.014 g of SrS 04 dissolves in 100 ml of pure water. The 
addition of a little sulfuric acid decreases the solubility, but if too much acid is added, 
the precipitate dissolves appreciably. 

It is very soluble in concentrated sulfuric acid and appreciably soluble in dilute 
hydrochloric and nitric acids, acetic acid, and in concentrated solutions of mag- 
nesium or alkali chloride. 

If considerable acid .is present it should be removed by evai)oration. 

Determination of Strontium as Oxide, SrO, or as Carbonate, SrCOg 

Precipitate the strontium as carbonate, or as oxalate, and change by 
ignition to the oxide as described under Calcium. 

Strontium carbonate is decomposed by heat more difficultly than 
calcium carbonate, and the determination as carbonates is very satis- 
factory. It is advisable to treat the precipitate as de^scrilxul under 
Calcium, although it is usually unnecessary to heat- with additional 
ammonium carbonate. 

Solubility of Strontium Carbonate in WaU^' aewrding to Fremiim 

At ordinary temperatures, 1 8,045 parts of water dissolve 1 i)ari of HrC( )». lii water 
containing ammonium carbonate the salt is mu(di less soluble; on tlu^ otlu^r hand, 
ammonium chloride and ammonium nitrate increase its solubiliiy. If (lalcium, 
strontium, magnesium, and alkali salts arc present tog(5thor, as in mim^rals and in 
mineral waters, the calcium and strontium are both precipitated as ojcahites and 
transformed by ignition into the oxides or (‘arbonates. Of. f)p. 85, 87. 

Solubiliiy of Stronlimn Oxalate in Water 

At ordinary temperatures, 12,000 parts of water dissolve 1 part of 8 rG 2()4 + 
2 | H 2 O. The solubility is very much less in water containing ammonium oxalate. 

Barium, Ba. At Wt 137.36 
Forms: BaSOd, BaCr0.i 
1. Determination as Barium Sulfate 

Dilute the solution so that it contains not more than 0.15 g of barium 
per 100 ml. Make slightly acid with hydrochloric acid, boat to boil- 
ing, and add a slight excess of hot, normal sulfuric acid. Use about 
3 ml of normal acid for each 100 ml of solution. After the precipiLa.te 
has settled, add a little more sulfuric acid to make sure that th(^ pre- 
cipitation is complete. After standing an hour or more in a warm 
place, decant the solution through a filter and wash four times l)y de- 
cantation with 50-ml portions of hot water containing a f(iW drops of 
sulfuric acid. Finally transfer the precipitates to the filter and wash 
with hot water till free from acid. Ignite the wet prescipitate and filiex’ 
in a platinum or porcelain crucible. Do not heat over the blast lamp 
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or Meker burner, because barium sulfate is decomposed at about 900°. 
Cool in a desiccator and weigh as BaS04. 

The precipitate usually contains a little chloride and the results are 
likely to be a little low. Sometimes a low result is caused by too rapid 
combustion of the filter which causes the formation of barium sulfide. 
To correct both of these errors, moisten the precipitate with a few drops 
of 18 iV sulfuric acid, carefully evaporate off the acid, gently ignite, 
and weigh again. Repeat the treatment until two successive weigh- 
ings agree within 0.3 mg. 

Remark. — It is difficult to get pure precipitates of barium sulfate.* One liter of 
pure water dissolves only about 3 mg of barium sulfate, and it is even less soluble in 
water containing a little sulfuric acid. It is appreciably soluble in solutions con- 
taining more than 1 ml of 6 A mineral acid per 100 ml and is very soluble in concen- 
trated sulfuric acid. A full discussion of the problem of producing pure precipitates 
of barium sulfate is given under Sulfuric Acid. 

The formation of a little barium sulfide during the ignition of the precipitate does 
not usually cause error, for it is easily roasted back to sulfate by heating the inclined 
crucible with a small flame at the back so that there is ready access of air into the 
crucible. 


2. Determination of Barium as Chromate 

Dilute the neutral solution, containing not more than 0.4 g of barium, 
to 200 ml, add 10 drops of OAT acetic acid, heat to boiling, and slowly 
add a slight excess of ammonium chromate solution. Prepare the 
reagent by dissolving 12.5 g of ammonium dichromate in 100 ml of 
water and adding ammonium hydroxide until the color is a clear yellow. 
Allow the precipitate of barium chromate to settle, and make sure that 
the precipitation is complete by adding a little more reagent. When 
cold, filter through a Gooch or Munroe crucible and wash with hot 
water until 20 drops of the filtrate give scarcely any reddish brown 
coloration with a neutral solution of silver nitrate. Dry the precipitate 
in the hot closet, and then heat within a larger porcelain crucible (cf. 
p. 37) until the precipitate becomes a bright yellow, f Cool and weigh 
as BaCrOi. 

Solubility of Barium Chromatet 

87.000 ml of water at ordinary temperatures dissolve 1 g BaCr 04 . 

23.000 ml of boiling water dissolve 1 g BaCr 04 . 

* Cf. M. J. vant Krys, Z. anal. Chem.j 1910, 393. 

t Often some of the precipitate is reduced to chromic oxide by traces of organic 
matter, whereby it appears slightly greenish. By long-continued ignition in an 
open crucible, the chromic oxide is changed back to chromate, and the precipitate 
appears a homogeneous yellow throughout. 

} P. Schweizer, Z. anal CJ^em., 1890, p. 414, and R. Fresenius, iUd., 1890, p. 418. 
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50.000 ml of a 0.75 per cent ammonium acetate solution (at 15°) dissolve 1 g BaCr04. 

45.000 ml of a 0.5 per cent ammonium nitrate solution (at 14°) dissolve 1 g BaCr04. 

24.000 ml of a 1.5 per cent ammonium acetate solution (at 15°) dissolve 1 g BaCrO-i. 

23.000 ml of 0.5 per cent ammonium nitrate solution dissolve 1 g BaCrO, 

3,700 ml of 1 per cent acetic acid solution dissolve 1 g BaCr04. 

2,600 “ 5 

2,000 “ 10 “ 1 “ “ 

1,800 “ 10 chromic acid solution dissolve 1 g BaCr04. 

The solubility of barium chromate, therefore, increases considerably 
with increasing concentrations of either acetic or chromic acid; the 
solubility is affected to a much less degree by solutions containing 
neutral ammonium salts. By the additions of small amounts of neu- 
tral ammonium chromate the solubility becomes much less. 

Separation of the Alkaline Earths from Magnesium 
AND FROM THE AlKALIES 

L Separation of Calcium from Magnesium (and Alkalies) 

The separation of calcium from magnesium depends upon tlic difToixint solubilities 
of the two oxalates. Calcium ox'alate is i)racti(;ally insoluble in hot, water, whereas 
magnesium oxalate is fairly soluble; 1500 ml of cold water, or 1300 rnl of boiling 
water, dissolve 1 g of MgC204-2H20. The latter is more soluble in ammonium chlo- 
ride solutions and much more soluble in the presence of a large cx(^csh of ammonium 
oxalate; 20 g of ammonium oxalate will prevent the precipitation of 2.7 g of mag- 
nesium chloride in 100 ml of solution.* * * § 

It has been known for a long Hme that, when calcium oxalate is pre(upit.a,tcd in t,he 
presence of magnesium ions, parti(nilarly when ilui solution has remained for a long 
time in contact with the preen {)i late, some magnesium is likely to be found in the 
precipitate. This has been attributed to the format, ion of a solid solution of magne- 
sium oxalate in calcium oxalate, to adsorption or occlusion of magnesium oxalate, f 
or to the gradual breaking down of a sii])erHaturatcd solution of magnesium oxalate, j 
For this reason it is quite generally believed that a precipii,ato of (nilcJum oxalate 
formed in the presernie of magnesium it)us is randy, if ever, pure,§ and hence it is 
customary to filter off the precipitate, rcdissolvo it in acid, ainl r(ii)rccif)it,a,tc when- 
ever the content of magnesium amounts to more than a few milligrams. Bach 
and W, Fresenius,|| however, have apparently jiroved that Ricdiards^i w.as right in 
asserting that the separation is accurate if the i)r()por conditions a.re maintained. 

For the precipitation of small quantities of (^al(•ium in the i)reHcnco of much magne- 
sium, three methods have been profiosed. (1) The cahdum oxalate is fornuid in 
the usual way, the precipitate is filtered off, dissolved, and ref)re(M[)itatod a He(^ond 
and a third time. (2) The calcium oxalate is prc(upit,atcd in the presence of ammo- 


* Bobtelsky and Malkowa-Janowski, %. angew. Chem,, 40, 1437 (1927). 

t T. W. Richards, Z. anorg. Chem., 28, 701 (1901). 

i W. M. Fischer, Z. anal Chem., 153, 62 (1926), 

§ Cf. Lundell and Knowles, J. Am. Ceramic Soc., 10 , 834 (1927): 

II Chem. Ztg., 49, 514 (1926). 

^ Loc. ait. 
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nium salt using only a slight excess of ammonium oxalate over that required by the 
calcium. (3) The calcium oxalate is precipitated in 100 ml of solution by the addi- 
tion of 20 g of ammonium oxalate; the hot solution is filtered after standing a short 
time and no attention paid to any precipitate of magnesium ^xalate that forms 
slowly in the cold. When the last method is used, the excess ammonium salts must 
be removed before attempting to precipitate ! 

Procedure. — Dilute the slightly acid solution with hot water so 
that not more than 0.3 g of either calcium or magnesium is present in 
300 ml. Add 10 g of ammonium chloride, if not already present, heat 
to 80°-90° and slowly add, while stirring, an aqueous solution of 2 g 
of (NH 4 ) 2 C 204 *H 20 . Add ammonium hydroxide until the solution is 
slightly ammoniacal and allow the solution to stand an hour, but not 
much longer, before filtering. Filter, wash with hot water and continue 
as described under Calcium. 

Determination of Calcium and Magnesium in Limestone and 

Dolomite 

Limestone is impure, native calcium carbonate. Dolomite is an 
isomorphous mixture of calcium and magnesium carbonates. Samples 
of limestone and dolomite usually contain small quantities of ferrous 
and manganous carbonates and a little silica or silicate. For most 
purposes, it is desired to know the calcium and magnesium present as 
carbonates rather than the total calcium and magnesium. In other 
words, a commercial analysis would not take into consideration any 
calcium or magnesium present in the residue insoluble in acid. 

Dissolving the Sample. — Weigh out duplicate portions of about 1 g 
of the finely ground and well-mixed sample into 250-ml casseroles. 
Moisten the powder with 5 ml of water, cover the casserole with a watch 
glass, and add 10 ml of GW HCl in small portions. When efferves- 
cence has ceased, wash off the bottom of the cover glass, raise it a little 
by means of a glass triangle and evaporate to dryness on the water- 
bath. Heat the residue in the hot closet at 120° for 1 hour to dehydrate 
thoroughly any silica that may be present. Moisten the residue 
with 10 ml of QN hydrochloric acid and warm gently. Dilute with 
about 30 ml of water, heat to boiling, and filter off the insoluble, siliceous 
residue. Wash the residue twice with 5-ml portions of hot, 2N hydro- 
chloric acid and then with hot water till free from chloride. The 
residue may be ignited and weighed if it is desired to know the amount 
of insoluble residue. 

Precipitation of Iron, Aluminum, and Manganese. — To the filtrate 
and washings add bromine water until a slight excess is present as 
shown by the color of t|je solution. Boil and add 6 N ammonia solu- 
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tion until a slight ammoniacal odor persists after blowing away the 
vapors. Heat again just to boiling and promptly filter off the pre- 
cipitate of Fe(OH)3, A1(0H)3, and Mn02*H20. Wash the precipitate 
6 times with small portions of hot water. Reserve the filtrate for the 
calcium and magnesium determinations. 

Sometimes the precipitate contains a little calcium carbonate from 
the carbon dioxide in the air and often a little magnesium hydroxide. 
Wash the precipitate back into the casserole, place the casserole under 
the funnel, pour 5 ml of hot, ZN hydrochloric acid on the upper edge 
of the filter, and wash the filter with a little hot water. Continue 
the treatment with acid and water until all the precipita.to left, on the 
filter is dissolved. Finally wash the filter with a little (liliit(i ammonia. 
Precipitate with bromine water and ammonia just as before, filter 
through the original filter, and wash this second |)recipitat(^ till free 
from chloride.* 

Make the combined filtrate acid with acetic acid, bring to a volume of 
about 300 ml, add 10 g of ammonium chloride dissolved in a little water, 
heat to 80°~90®, and slowly add, while stirring, 60 ml of hot, 0,5 M 
ammonium oxalate solution. Add ammonium hydroxide unill the 
solution is slightly ammoniacal and allow th(', precipitates to stand an 
hour, but not much longer, before filtering. FiHnr into a wc'.igluid 
Gooch crucible, wash with hot water until im) from hali(l(^, dry at 
100M05^ and weigh as CaC 204 -H 20 .t 

Make the filtrate acid with hydrochloric acid, c()nc(uitra,to i,o a, bout 
300 ml, add 5 g of ammonium acetate dissolved in a littki wat(‘r and 
20 ml of N (NH 4 ) 2 HP 04 solution. Heat to near thc^ boiling point and 
continue as described on p. 80. 

11. Separation of Strontium from Magnesium 

This separation finds practical application in the analysis of almost all mineral 
waters and of minerals containing strontium. In all thes(5 cuvses, }io\v(wer, stron- 
tium occurs in relatively small amounts in the i)ro8eu(tc of large amountH of calcium 
and varying amounts of magnesium, so that it is a (luostion, first, of separating 

* The manganese content of limestone is low. If tins treatment with bromine is 
omitted, practically all the manganese will pass into the filtrate and will probably 
be precipitated with the magnesium, although manganese ammonium phoHphat(i 
forms very slowly in strongly ammoniacal solution. If much miinganese is present 
it is best to precipitate the iron and aluminum ])y the basi(‘. iw^etato method and the 
manganese in the filtrate as sulfide. Concerning the i)rc<iipitation of mangamise 
by ammonia and bromine as well as the oxidation of ammonia and ammonium salts 
by bromine, see Manganese, p. 137, 

t One of the other methods described under Calcium can be used. Ignition to 
oxide is probably the most reliable but it involves the pse of a platinum crucible. 
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calcium and strontium from magnesium. This separation is effected by the precipi- 
tation of the calcium and strontium as oxalates as described on p. 85. 

The filtrate containing magnesium may also contain traces of strontium. Re- 
move ammonium salts by evaporating to dryness and heating the residue, dissolve 
this in hydrochloric acid, add sulfuric acid and alcohol, and allow the solution to 
stand for 12 hours. Filter off any resulting precipitate, consisting of strontium 
or barium sulfate, and weigh. From this filtrate precipitate the magnesium as 
magnesium ammonium phosphate as described on pp. 80 or 81, and weigh as the 
pyrophosphate. 

III. Separation of Barium from Magnesium 

If it is desired to separate only barium from magnesium, make the solution (which 
must be free from nitric acid) acid with hydrochloric acid, heat to boiling, and 
precipitate the barium by the addition of boiling, dilute sulfuric acid (cf. p. 88). 
Precipitate the magnesium in the filtrate as magnesium ammonium phosphate in 
the usual way. 

In most cases, however, a separation of barium, strontium, and calcium from the 
magnesium is involved. Precipitate the three alkaline earths as oxalates as described 
for the separation of calcium from magnesium. A few milligrams of barium will 
escape precipitation. To recover this, add a little ammonium sulfate to the hot 
solution, filter, wash, and weigh as BaS04. In the filtrate, determine the magnesium 
as p 3 uophosphate (p. 79). 

IV, Separation of the Alkaline Earths from One Another 

Principle. — The mixture of the dry nitrates is treated with ether-alcohol, which 
dissolves calcium nitrate alone. The residue is taken up in water, the barium is 
precipitated as chromate, and the strontium is determined in the filtrate as sulfate. 

PROCEDURE 

(a) Separation of Calcium from Strontium and Barium according 
to Rose-Stromeyer-Fresenius 

The three metals are assumed to be present together in solution in 
the form of their nitrates. Evaporate the solution in a small Erlen- 
meyer flask, as described under Lithium, p. 71, while passing a stream of 
dry, warm air through the flask. When all the water is evaporated, 
raise the temperature of the oil-bath to 140° and maintain this tem- 
perature for 1 to 2 hours, still passing the current of warm air through 
the flask. Cool, treat the dry residue with 10 times its weight of 
absolute alcohol, stopper the flask, and allow it to stand with fre- 
quent shaking for 1 to 2 hours. Add an equal volume of ether, close 
the flask, shake, and allow it to stand 12 hours. Filter through a 
filter moistened with ether-alcohol and wash with ether-alcohol until 
a few drops of the filtrate evaporated on platinum-foil leave no residue. • 

Evaporate the filtrate to dryness on a lukewarm water-bath, dissolve 
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the calcium nitrate in water, precipitate as the oxalate, and, after ig- 
nition, weigh as the oxide. 

Remark ~ If only a small amount of calcium is present (not more than about 0.5 g) 
the above separation is complete. With large amounts of (calcium, the residue of 
strontium and barium nitrates almost always contains some (lahnum. In this case 
evaporate the aqueous solution again to dryness in the same way as l)ef()re and 
repeat the treatment with alcohol and ether. Determine tlie (aihdurn in the com- 
bined filtrates. 

(5) Separation of Barium from Strontium according to Fresenius* 

Requireynents. — 1. Ammonium dichromatc solution. Dissolve iOO g of am- 
monium dichromate (free from sulfate) in 500 ml of water, add 155 ml of O N ammo- 
nium hydroxide solution, filter if necessary, and dilute to 1 1. 

2. Ammonium acetate solution. Dissolve 231 g in 1 1 of wa(;er, or mi.x eriual 
volumes of 6 A acetic acid and 6 N ammonia, leaving tlie solution sliglitly ainmoniacal 
rather than acid. 

3. Acetic acid, 6 N. 

4. Nitric acid, 2 N, 

Procedure. — Dissolve the residue of strontium iind barium nitrates 
obtained after the above treatment with ether-alcohol in a littk^ water 
and dilute the solution until the concentration corr(‘S[)()n(ls to about 
1 g of mixed nitrates in 300 ml, heat to boiling, a,dd 10 drops of acxdic 
acid and about 10 ml of ammonium chromate solution (this should Ixi nji 
excess over the theoretical amount necessary), and allow to stand 1 
hour. Wash the precipitate of barium chromate by (hHianl-adon, wilih 
water containing 25 ml of ammonium chronudK'. soludon por li{-(vr, until 
the wash water no longer gives a pn^cipitate with armuoiiia a,nd ainnio- 
nium carbonate; then wash with hot water containing 25 ml of am- 
monium acetate solution per liter until tluj last wa, slung giv(\s {)nly a 
slight reddish brown coloration with neutral silv(U‘ nil, rale solution. 

The precipitate on the filter still contains a little strontium. Oaie- 
fully wash it back into the vessel in whicli tiui pieeipilelion took places, 
and dissolve any precipitate remaining on the filter in a litth^ liot 2N 
nitric acid, allowing it to run through tlui filter v(iss<l contjiiniiig the 
precipitate. Wash the filter with hot water t,ill fre(i from acid. Ih^at 
the precipitate till it dissolves in the diluk^ nitric ticid (about 6 ml is 
usually sufficient). Dilute the solution to 200 ml, la^at to boiling, 
add 5 ml of ammonium acetate solution, little by liith'., and finally 
enough ammonium chromate solution to cause the disapjX'tu'iuKxj of 
the odor of acetic acid from the solution (usually about 10 ml is neces- 
sary). After it has stood for 1 hour pour the liquid through a Gooch 
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Chem., 29, 427 (1890); 44, 742 (1906); 
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crucible, cover the residue in the dish with hot water, allow to cool, filter 
and wash with cold water until the filtrate gives only a slight opalescence 
with neutral silver nitrate. Dry the precipitate, ignite gently in an 
air-bath (cf. p, 37), and weigh as BaCr 04 . 

Add 1 ml of 6 N nitric acid to the filtrate, concentrate somewhat, and 
precipitate the strontium as carbonate by the addition of ammonia and 
ammonium carbonate. The precipitate always contains some stron- 
tium chromate. Wash it once with hot water, dissolve in hydrochloric 
acid, and determine the strontium as sulfate, according to p. 87. 

The results obtained according to this method are very satisfactory. 


METALS OF GROUP III 

ALUMINUM, CHROMIUM, TITANIUM, IRON, URANIUM, NICKEL, 
COBALT, ZINC, AND MANGANESE 

A. DIVISION OF THE SESQUIOXIDES 
ALUMINUM, CHROMIUM, IRON, TITANIUM, AND URANIUM 

Aluminum, A1, At. Wt. 26.97 
Forms: AI 2 O 3 , AIPO 4 , A 1 (C 9 H 60 N )3 
1 . Determination as AI 2 O 3 

To determine aluminum as oxide, it is precipitated as the hydrated oxide which, 
as van Bemmelen has shown, is really Al20o*rKH20 rather than the hypothetical 
A1(0H)3. 

The hydrated oxide is amphoteric and also tends to form colloidal solutions. 
Because of its amphoteric nature it is best precipitated, as Blum* has shown, by 
keeping the hydrogen-ion concentration at about 10 as it is in pure water. Be- 
cause of the colloidal nature of the precipitate it is advisable to have ammonium 
salt in the solution and to wash the precipitate with water containing ammonium salt. 
The ammonium salt also prevents the precipitation of magnesium hydroxide by re- 
pressing the ionization of ammonium hydroxide. 

Procedure. — To the solution containing at least 5 g of ammonium 
chloride per 200 ml, or an equivalent quantity of hydrochloric acid, add 
a few drops of methyl red indicator (0.2 per cent alcoholic solution) 
and heat just to boiling. Add 6 A ammonium hydroxide until the 
color of the solution changes to a distinct yellow. Boil for 2 minutes 
and filter promptly. Wash the precipitate thoroughly with hot, 
2 per cent ammonium nitrate solution. Ignite in an open crucible, 
cool and weigh as AI2O3. 


' J. Am. Chem. Soc., 38, 1282 (1916). 
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The ammonia should be freshly distilled. When kept for any length of time in 
gla ss bottles it invariably contains a little dissolved silica which pre(;ipitates when 
the ammonia is neutralized. Because of the solvent effect of acids and !)ases on glass, 
only glass of the boro-silicate type should be used in the chemitial la!)()ratory. 

According to Britton, aluminum hydroxide begins to precipitate at ‘pn ~ 4.14 and 
the precipitate is dissolved at pa. = lO.S. The above treatment with ammonium 
hydroxide serves to keep the pa within these limits; methyl red c.liauges color at 
pH = 4.4 — 6.0. Most separations of aluminum from other metal ions are based 
upon the regulation of the pn. A salt of a weak a(iid added to the a(iiieous solution 
of an aluminum salt will serve to react with 11+ produ(ted by hydrolysis and thus 
favor the completion of the reaction. The reaction is also helped if the weak acid 
is unstable and breaks down as fast as it is formed because, in ae(!()rda.nce with the 
mass-action law, a reaction is favored by the removal of any product produced. 
Chancel* recommended sodium thiosulfate as a suitable salt: 

9 ■ '■ 


Frocedure. — M6. to the dilute, neutral solution (about 0.1 g A1 in 
200 ml) an excess of sodium thiosulfate and boil until' all traces of SO 2 
are expelled. Add 6iV ammonium hydroxiderj* until its odor is barely 
perceptible after blowing away the vapors, and continiu^ boiling a little 
longer. Filter off the precipitate of Al(OH )3 and S, wash it with hot 
2 per cent ammonium nitrate solution, and ignite in a porcedain crucible. 
Such a precipitate of hydrated AbO;) is much dmm than iliat. fjroduced 
by direct precipitation with ammonia and it is very (^asy In fiber and 
wash, 

Alfred StockJ accomplished the same thing by adding a mixture of 
potassium iodate and iodide. The reaction 

+ 6 H+ = 3 H 2 O + 3 I 2 

is very sensitive to hydrogen ions, and, moreover, ih(^ frtH'. iodine can 
be removed easily by adding sodium thiosulfat(i 

I 2 + 2 8203"” = + 2 r 

Stock’s procedure is as follows: 

. Procedure. -- The solution in which the aluminum is to b(^ deter- 
mined should be very slightly acid; if more acid is present add sodium 
hydroxide solution until a slight permanent precipitate is obtained. Ee- 
dissolve by means of a few drops of hydrochloric acid. Add (^qual vol- 
umes of a 25 per cent potassium iodide solution and a saturateKl potas- 

’ * Compt. rend., 46, 987; Z. anal Chm., 3, 391. 

t If the addition of ammonia is omitted, the solution will retain traces of alu- 
minum. 

t Ber., 1900, 548. 
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sium iodate solution (about 7 per cent KIO 3 ). After about 5 minutes, 
decolorize the solution by the addition of a 20 per cent sodium thio- 
sulfate solution and add a little more of the potassium iodide and iodate 
mixture to make sure that enough is present. Add 1 or 2 ml more of 
sodium thiosulfate solution and heat the mixture half an hour on the 
water-bath. The pure white precipitate settles out well, and can be 
filtered through a filter with relatively wide pores, washed with hot 
2 per cent ammonium nitrate solution, ignited and weighed as AI 2 O 3 . 

Remarh. — The presence of calcium, magnesium, or boric acid does not inter- 
fere with the above determination, but if phosphoric acid is present, aluminum 
phosphate is precipitated. It is obvious that the method cannot be employed in 
the presence of organic substances such as tartaric acid, citric acid, sugar, etc., 
which prevent the precipitation of hydrated alumina. 

Wynkoop* and Schirmf used ammonium nitrite as a suitable salt of a weak acid. 

2 A1+++ + 6 H2O 2 A1(0H)3 + 6 H+ 

6 H+ + 6 -> 6 HNO2 6 HNO2 3 HoO -h 3 NO + 3 NO2 

Procedure, — If the solution is acid, add ammonia until the precipi- 
tate first formed dissolves only slowly on stirring. Add an excess of a 
6 per cent solution of pure ammonium nitrite, J dilute the solution to 
250 ml, and boil until no more fumes of nitrous oxides are evolved 
(about 20 minutes). Filter off the precipitate, wash with hot 2 per cent 
ammonium nitrate solution, ignite wet in a platinum crucible, and 
weigh as AI 2 O 3 . 

Remarh. — In the presence of more than 1 per cent of ammonium salts, these are 
hydrolyzed enough so that the solution remains acid and the precipitation of the 
aluminum is incomplete even after long boiling. In such cases it is necessary to add 
some NH4OH to accomplish complete precipitation. 

2. Determination as AIPO4 

If a solution containing AF+h alkaline-earth ion, and phosphoric acid is carefully 
neutralized, AIPO4 will form before Al(OH)3 or alkaline-earth phosphate. If, how- 
ever, the ph is raised a little higher, the precipitate is likely to become one of alkaline- 
earth phosphate and Al(OH)3. In the ferric state iron behaves like aluminum and 
in the ferrous state like alkaline earth. 

It is quite common practice to determine aluminum in the presence of iron by 
reducing the iron to the ferrous state by sulfurous acid or sodium thiosulfate, adding 
ammonium phosphate, and theii continuing the treatment with sodium thiosulfate 
as in the method of Chancel described above. The results are not entirely satis- 
factory, but Lundell and Knowles§ have shown that the determination of small 

J. Am. Chem. Soc., 19, 434 (1897). 

t Chem. Ztg., 1909, 877. 

J Sometimes the reagent contains a little barium which should be precipitated 
with ammonium sulfate before using it in an analysis. 

§ J. Am. Chem. Soc., 14, 1136 (1922). 
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quantities of aluminum as phosphate can give very accurate and reproducible results. 
Their procedure is as follows: 

To 400 ml of a solution containing sufficient acid to make it 0.3 iV 
in HCl, add 1 g of (NH4)2HPO.i, or moni if this do(‘s not provide a 
tenfold excess. Prepare some n.iacerat(Ki ffikn- pulp by tc^aring up 
ashless filter paper into small pieces and shaking ilu^ papeu' in a stoppered 
flask with a little water until a creamy (nuilsion is ol)tained. Add 
some of this paper pulp to the solution to aid in th(‘. filtration of the 
AIPO4 precipitate. Add a few drops of methyl ora,ng(i indicator solu- 
tion and enough ammonium hydroxickj to ma.k(^ iiu^ color of the stirred 
solution yellow. Then make acid with 1 ml of 6 A IICl, h(^a,t to boil- 
ing, and to the boiling solution add 30 ml of 25 ])vv cuait ammonium 
acetate solution. Boil 5 minutes, fllt(U‘ and wa.sh ih{‘ pr(‘cipiiat(‘ with 
5 per cent ammonium nitrate solution until it is practically fren^ from 
chloride. Ignite in an open porcelain crucibk; ujhI w(dgh as AIPO.1. 

3. Determination with 8-Hydroxyquinoline 

The use of this reugent was disc.usscd briefly under Magn(‘.sium. Tlie aluminum 
salt can be formed in dilute ac^etit^ a,cid solutions wlu(ii are i)uiTer(Hl with jimmonium 
acetate. The precipihite is e:iaier to filter than is aluminum liydroxide (»r plioHidiatc, 
and some useful sepcarations of aluminum from other eleinents <^an })C {KU'ompIishcd 
with this organic reagent. 

Procedure. — Heat the solution, containitig not rnon^ than the 
equivalent of 0,1 g AbO;} and oiu^ or two drops of miiuu’al acid p(‘r 100 ml, 
to about 70° and add an (ixc(\ss of f-lu^ nuigcmt ((d‘. p. 83). Blowly 
add 2N ammonium acetaki solution until a p(M'in:i.n(mt |)nH!ipitatci is 
formed, and then add 20-25 ml mon^. Allow (.lu^ pnndpitatc^ to S(d.tl(‘, 
filter through a weighed Gooch crucible, wash wi(-h cold wa,t(U’, dry at 
120-140°, and weigh as AI(C9 H(j()N):j containing 11,1 pcir cent of 
AI2O3. 


4. Determination of Small Quantities of Aluminum 

The most satisfactory test for aluminum is tlu^ formation of ihci red 
lake with aurin tricarboxylic acid, to which thc^ trivial naiiui akminon 
has been given. This test (see Vol. 1) can bo made thc^ basis of a 
colorimetric determination of aluminum by comf)aring the result ob- 
tained in the unknown solution with that obtained under similar con- 
ditions with known quantities of aluminum. 

Aluminum is precipitated by tannin in the presence of alkali acetate as a volumi- 
nous tannin adsorption complex, and the precipitation is not prevented by tartaric 
acid. This procedure is described later. Bee Index. 



IRON' 

Iron, Fe. At. 5,5.84. 

Forms: Ferric Oxide, Fe 203 ^^S" 

Determination as Fe20r---tJ 
1. By Precipitation with Ammonia 

The precipitation of ferric iron by means of ammonium hydroxide can be accom- 
plished as described under Aluminum, but when only iron is present it is not neces- 
sary to keep the solution so near the neutral point because ferric hydroxide is not 
appreciably dissolved by an excess of ammonia and does not form a colloidal solu- 
tion when washed with a moderate amount of hot water. The same precautions as 
described under AJuminum should be taken with regard to the use of freshly dis- 
tilled ammonium hydroxide and the use of the best grades of glass that are not 
attacked to any extent by dilute bases. The precipitate is rather bulky; an ordinary 
9-cm filter will hold only about 0.2 g of iron as hydrated oxide. 

Procedure. — Heat the solution to about 70°, and at a volume of 
200-300 ml, precipitate hydrated ferric oxide by the addition of a slight 
excess of QN ammonium hydroxide. Allow the precipitate to settle 
and wash it twice by decantation with 50-ml portions of hot water. 
Wash with hot water or hot 2 per cent ammonium nitrate solution 
until free from chloride. Do not wash with ammonium chloride 
solution because ferric chloride is volatile upon ignition. Ignite slowly 
and carefully in an open porcelain or silica crucible and weigh as Fe 203 . 

Remarks. — It is not advisable to heat the precipitate over the blast because 
Fe304 is formed at high temperatures. This magnetic oxide is also formed if the 
carbon of the filter is not consumed at a low temperature. When once formed it is 
very difficult to get it back to the less stable Fe203. The color of the ignited oxide 
does not indicate the presence of magnetite, for pure ferric 
oxide is nearly black after strong ignition. The ignited oxide ^ 
is difficultly soluble in dilute hydrochloric acid but can be 
dissolved by long digestion with concentrated hydrochloric 
acid on the water-bath. 

The formation of magnetic iron oxide during the ignition 
of ferric hydroxide is said to be prevented by stirring some 
ashless filter-paper pulp (see p. 98) into the liquid after the 
precipitation by ammonia. 

The wash-bottle shown in Fig. 34 is useful for work with 
hot water or with bad-smelling wash-liquids. It contains 
two tubes like the ordinary wash-bottle but at the end of / 
the tube A a Bunsen valve is placed. This is made by cut- , - 

ting a slit in a short piece of rubber tubing, placing this on 
the end of the tube through which one blows in using the 
bottle, and sealing the other end of the rubber tubing with a 
piece of glass rod. On blowing the slit opens but closes to jTig, 34. 

prevent escape of steam. The third tube C is closed by the 
finger when using the bottle or by means of rubber tubing and a pincheock. After 
blowing through A, a stream of water is ejected at B if C is kept closed. When C 
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is opened the stream stops. It is well to wind the lUM'k of the w'ush-botUe with 
heavy curtain cord, if it is to be used for hot water. 

If the iron is in solution either as the ferrous or ferric salt of a volatile a(u(l, it can 
be readily converted into ferric oxide by e\’aporatioii with sulfuri(; acid and ignition 
of the residue. 


2. Determinatioii as Metallic Iron 

Iron may be determined by (dectrolysis, but, (iiis tindliod offers no 
advantages over the gravimetric nudliod just (lesenhtai or tiu; following 
volumetric process. 

In the analysis of oxidic iron onss or of mixlinvs of considerable 
iron oxide with comparativ(‘ly litth^ alumina, liiaiihmi dioxuh', or 
silica, the following mcdiiod is accurate; and rapid. 

Weigh the finely powdeu-edf sul)sta.n(!(5 in a. procdjiin Load. Intro- 
duce the boat into a tube of difficultly fusihb' glass and h(‘a,t to nalncss 
in a stream of dry hy(lrog(ui until no nion' drops of wahu’ comkmsc 
on the cool, front end of the tube, and tlui coiiients of tlu' boat appear 
gray and not black. By iliis imms tlu* Icrriti oxi(I(‘ is nalucial to 
metallic iron: 

FcoO, + 3 IB - 3 H.,() + 2 Vv. 


After cooling in the stream of hydrogen, again wdgh lih(; boad and its 
contents after they have nunained some tiim; in a d(^si(;cador. The 
loss in weight p roipresents the amount of oxyg('n originally (iombiiud 
with the iron, from which the amount of iron ca.n b('. calculat(;d: 

= 2.326 p = weight of iron 


iJmar/c. — In attempting to rediuto ferric oxhhi to iron by iihuuih of hydroge'n, 
it is very important to he.at the oxid(i to bright rednesH. At. a, dull red lu'at., th<‘ oxide 
is, to be sure, reduced to metal, but in such rimn hhick, pyroi)h()ric iron in formed 
which cannot be exposed to the air and weighed without becoming oxidized. By 
heating to a bright red heat, Jiowever, tiut iron l)e<!orn(‘.s gray, is no longer pyro- 
phoric, and can, if allowed to cool in the Htrcarn of hydrogen, which is Hnb.se(|ucnlly 
replaced by carbon dio.xide, be safely W'cighed in the air wit, bout hair of oxidation. 

Although this method is extremely simple, and the corresponding oxides of al- 
uminum, chromium, titanium and zinion, et.t^, a.r(^ not, rcaluced uiuh'r 1 h<‘ sarmi con- 
ditions, it should be used with caution and only when t lu^ ftme oxid(f gr<!a4.iy pre- 
dominates in a mixture of oxides. Otherwise the naluction of tin; iron is iiuiom- 
plete on account of some of the ferric oxide l)oing enelosed within (.h(‘. particles of 

. Rivot, Ann. cUn. phys., [3] 30, 188 (1850); }Aehig\^ Ann., 78, 21 1 (185). 

t Ferric oxide after having been powdered and ignited is so hygrosttopic* t.hat the 
porcelain boat should be placed within a weighing-laaikaw vvit,h ground-glaSKS top 
immediately after removing it from the desiccator, and then weighed. 
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foreign oxide. This has been proved by the work of Daniel and Leberle* and by 
Treadwell and Wegelin. Moreover, the above computation shows that the error 
in determining the weight of reduced iron is multiplied by 2.33 in the computed 
weight of iron. 

It is more accurate to dissolve the metallic iron in dilute sulfuric acid out of con- 
tact with the air and determine the amount present volumetrically by titrating with 
potassium permanganate solution. 

3. Volumetric Determination of Iron according to Marguerittef 

Although the volumetric methods are discussed in the second part 
of this book, this determination is so important and is so often used to 
test the purity of the iron oxide produced by a gravimetric analysis 
that it seems proper to discuss it at this place. 

Principle of the Method 

Ferrous salts are oxidized by potassium permanganate in acid solu- 
tion to ferric salts: 

2 KMn 04 + 10 FeS 04 + 8 H2SO4 - K2SO4 + 2 MnS 04 + 8 H2O + 

5 Fe2(S04)3 

If, therefore, a potassium permanganate solution of known strength 
is slowly added to the solution of a ferrous salt, it will be decolorized 
as long as there remains ferrous salt to react with it. As soon as all 
the ferrous salt has been oxidized, the next drop of the permanganate 
will impart a permanent pink color to the solution, whereby the end 
point of the reaction is determined. 

Preparation and Standardization of the Permanganate Solution 

The concentrations of the standard solutions used in volumetric analysis are 
usually referred to the so-called normal concentration. A normal solution is one 
that contains one equivalent weight in grams per liter. It has been assumed through- 
out this volume that the abbreviation N signifies a concentration of one equivalent 
weight in grams per liter, that QN represents a solution 6 times as strong, and 
0.1 A represents a concentration of one-tenth an equivalent weight in grams per liter. 

An equivalent weight of a salt as precipitant is determined by the valence of the 
characteristic ion. Thus the molecular weights of NaCl, AgNOs and KCNS and 
one-half the molecular weights of BaCh, (NH 4 ) 2 C 03 , and CaCOg are equivalent 
weights. 

An equivalent weight of an acid is determined by the number of replaceable hy- 
drogen atoms in the molecule and of a base by the number of replaceable hydroxyl 
ions. Thus the molecular weights of HCl, HNO3, KOH, and NH4OH, and one- 
half the molecular weights of H2SO4, and Ba(OH)2, are equivalent weights. 

As an oxidant or as a reductant the equivalent weight is determined by the change 

* Z. anorg. Chem,, 34, 393 (1903). 

f Ann chim. phys., [3] 18, 244 (1846). 
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in valence which- takes place when the reaction of oxidn-t ion and reduction occurs. 
Thus, in the above equation which may also be expressed as follows: 

MnOr + 5 Fe+-'- + S H+ Mn++ + 5 + 4 \ W 

the manganese is reduced from a valence of seven in fxirrnangauato to a valence of 
two in the manganous salt while the iron is changed from a valence of two to a 
valence of three. 

Therefore, in the oxidation of a ferrous salt hy i)erm;mga.ua,te {,he cipnvakmt weight 
of permanganate is one-fifth the molecular weight, and the eipiiv.-dent weight of the 
ferrous salt is that weight which contains an atomic weight in grains of iron. 

Tor titrations with permanganate a tenth-normal solution is commonly used. 
To make 0.1 N KMuO-i solution take one-fiftieth of th(^ molecular wiugld, in grams, 
or 3.161 g of KMn 04 , and dilute to 1 liter. 

Although it is possible to purchase very pure potassium p(wmang:tnal,{', it is not 
advisable to take the trouble of weighing out just, this amount, of t.luj substance and 
dissolving it in e.xactly enough water, for tlie dist.illed water in which tln^ perman- 
ganate is dissolved almost always contains traces of orgariii^ matter oxidizahle by 
the permanganate. Consequently it is better to weigh out on a wal.i'h glass aiiproxi- 
mately 3.2 g of permanganate, dissolve it in a liter of wa.t<n-, boil 10 do miuuios, 
allow to cool over night, and then filter through asbestos,* Aft.(‘r l.his tinn^ a.ll t.he 
oxidizable matter in the water will have been eomplciely destroyi^d. Filt(‘r the 
solution through an asbestos filter and then Hta.nda,rdixe. Tins addition of 10 g of 
KOH per liter increases the stability of the solution. 

Standardization of the Potasmmi Pormamjamitv Solution 

It is possible to standardiise a solution of p(U’manga.nii.i.(‘, by a. iiumbm* of dilhaamt 
methods. In this case the most natunil way would s(‘em to b(‘ to l.a.k(^ a, sarnph' of 
pure ferrous salt or to make a ferrous solution from a weight of pun^ iron. Owing 
to the difficulty in procuring a sample of perfcetly pun^ lerrous salt or of pm-f(‘(dly 
pure iron, it is generally eoiisidorod better to sta.ndardii5e against pure sodium oxal- 
ate. Specially purified sodium oxalate can now be pundiased from tl('afm*s in idnnn- 
icals and can also be obtained from the United 8tal.es Hun^au of Standards at Wash- 
ington, D. C. 

Procedure. — In a 400-ml beaker, dissolve 0.25 -0.3 g of sodium oxa.la.t.e 
in 200-250 ml of hot water (80-90°) and add 10 ml of 18 N sulfiirie acid.j 
Titrate at once with 0.1 N KMn().i solution, stirnng the liquid vigoroiidy 
and continuously. The permanganate must not ho a.ddod mon^ ra,i)idly 
than 10-15 ml per minute, and the last 0.5-1 ml must ho a.dd(ui drop- 
wise with particular care to allow each drop to bo fully d(u*.o]orii!(Ml 
before the next is introduced. The excess of perma,ugana(x^ us(hI i.o 
cause an end-point color should be estimatcMl by matching f.lie color in 
another beaker containing the same bulk of acid and hot wat(n, llic 
temperature of the solution should not be below 60° by the time the 


* Cf. Morse, Hopkins, and Walker, Am. Chem. 18 (1896), p. 401. 
t The reaction starts more quickly if 10 ml of MiuS ()4 titrating Holuf.ion is used 
instead of the 18 N H 2 SO 4 (see Zimmermann-Reinhardt method in Part 11. 
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end point is reached; more rapid cooling may be prevented by allowing 
the beaker to stand on a small asbestos-covered hot plate during the 
titration. The use of a small thermometer as stirring-rod is most 
convenient in these titrations, as the variation of temperature is then 
easily observed. 


To compute the normal concentration of the permanganate, first find the weight 
of sodium oxalate oxidized by 1 ml of permanganate by dividing the weight taken 
by the number of milliliters of permanganate used. From the reaction 

2 MnOr -f 5 CaOr" -h 16 H-»- -> 2 Mn++ + 10 CO 2 T +8 H 2 O 

it is evident that the equivalent weight of sodium oxalate is one-half the molecular 
weight, or 67.00. One liter of normal permanganate, therefore, would oxidize 
67 g of sodium oxalate, and 1 ml would oxidize 0.067 g of Na 2 C 204 . To find the 
normal concentration of the permanganate, divide the weight oxidized by 1 ml of 
permanganate solution by the milli-equivalent, 0.067, of sodium oxalate. 

Thus if a grams of pure Na 2 C 204 reacted with t milliliters of the given permanga- 


nate, then ^ " Q-y is the normal concentration or normality of the permanganate. 

To find the weight of any other substance which reacts similarly with 1 ml of the 
permanganate multiply the normality of the permanganate solution by the milli- 
equivalent of the substance. Thus, as the milli-equivalent of iron when it is oxidized 
by permanganate from the ferrous to ferric condition is 0.05584 g, then using the 
above notation. 


1 ml of ^ X 0.067 ^ 


g X 0.05584 
t X 0.067 


g of Fe 


Analysis of Ferric Compounds according to the Method of Margueritte 

From what has already been said, it is evident that in order to determine the 
amount of iron present in a solution by titration with potassium permanganate, it 
is necessary for the iron to be present entirely in the ferrous condition. To apply 
this method therefore to the analysis of ferric compounds, it is first necessary to 
reduce them completely. 

Procedure.^ — Transfer the solution to^ a 200-ml flask (K, Fig. 35) 
which is fitted with a rubber stopper carrying glass tubes for the en- 
trance and exit of gas. The volume of the solution should be approxi- 
mately 100 ml and it should not contain more than 0.15 g of iron. Add 
5 ml of 18 N sulfuric acid and introduce hydrogen sulfide gas into the 
cold solution for 30 minutes and for 15 minutes as it is slowly heated to 
boding. Then add 15 ml more of 18 iV sulfuric acid and continue the 
gentle boiling for at least 30 minutes, while a stream of carbon dioxide 
is bubbled through the solution. In the train shown in Fig. 35, the 
bottle A contains water, the bottle B a fairly strong solution of per- 

* The conditions given in these directions are those recommended by Lundell 
and Knowles, J. Am. Che^n. Soc.y 43, 1565 (1921). 
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manganate, and the tower C pumice wet with copper sulfate solution. 
In this way all hydrogen sulfide or other reducing gas is removed from 
the carbon dioxide. After all the excess hydrogen sulfide has been 
removed and the volume of the solution reduced to about 50 ml, allow 



the solution to cool while the stream of carl)on dioxide is still jvissing. 
Dilute with 200 ml of cold water and titrate with standard p(‘rma,n“ 
ganate solution. 

The precipitate of sulfur formed during the? reduct ion of tlu^ f(UTi(5 
salt by the hydrogen sulfide docs no harm if tla^ al)ov(‘ dinrttons are 
followed closely. If it is desired to removes any precipiiaJed sulfide, 
the solution should be filtered before the last addition of a(td and the 
filtrate given a further, short treatment with hydrogen sulfid(\ 

If t milliliters of permanganate were necessary to oxidizes th(' solulion 
completely and 1 ml of the permanganate? (iorn^sponds to a gnims of 
iron, then the titrated solution evidently contains a4 grams of iron. 

Besides hydrogen sulfide, a great many other Hul)stanc(?H can be us(?d 
to reduce the ferric salt, e.g., zinc, sulfurous acid, si.annous chloride. 
The use of these substances will be discussed in the portion of this book 
devoted to Volumetric Analysis. 

Remark — The titration of a solution by means of potasBiuni i)ermangaiiaie takes 
place preferably in a sulfuric acid solution; with hydroc^liloric ae.id too high results 
will be obtained (owing to the fact that the permanganate oxidizies some of the 
acid), unless the oxidation takes place in a dilute solution in the imesenec of a large 
excess of manganous sulfate. See Volumetric Analysis. 
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Determination of Iron and Sulfttr in Ferrous Ammonium Sulfate 

The determination of iron is one of the best known of all the gravimetric methods 
of analysis and for many years it has been the custom to require most students of 
analytical chemistry in the colleges of the United States to carry out an analysis 
of ferrous sulfate or of ferrous ammonium sulfate. In a sulfate solution, some basic 
ferric sulfate is often formed if the precipitation of ferric hydroxide is accomplished 
by merely neutralizing with ammonia. It is the general practice, therefore, to dis- 
solve the first precipitate in acid and repeat the precipitation with ammonia. 

It has been shown, however, that the formation of basic sulfate can be prevented 
if a considerable excess of ammonium hydroxide is used. 

Procedure. — Weigh out, to the nearest milligram, duplicate portions 
of about 1 g into 400-ml beakers. Moisten the sample with 5 ml of 
6 N hydrochloric acid, dilute with 5 ml of water, and heat, if necessary, 
to dissolve the sample. Heat nearly to boiling, and to the hot solution 
add concentrated nitric acid, drop by drop, until all the iron is oxidized 
to the ferric condition. When the iron is partially oxidized, the nitric 
oxide combines with the excess of ferrous salt, forming a dark brown, 
unstable compound. Continue adding the nitric acid until the dark 
color fades and a clear yellow solution is obtained. Not more than 
2 ml of nitric acid should be necessary.* Boil gently for about 3 min- 
utes to remove the reduced nitrous compounds. Dilute to about 200 ml 
and neutralize with ammonium hydroxide, finally adding 5-7 ml of 
concentrated ammonium hydroxide in excess. Heat carefully to about 
70° and allow the precipitate to settle. Filter through a filter that has 
an ash of less than 0.1 mg, wash the precipitate twice by decantation 
with 50-ml portions of hot water, and finally with hot water from the 
wash bottle until free from chloride. Ignite slowly and carefully in an 
open porcelain or platinum crucible and weigh as Fe 203 . Report the 
percentage of iron present in the sample. 

Dilute the filtrate to about 400 ml, neutralize with hydrochloric acid, 
and add 25 milli-equivalents in excess. Heat to boiling and precipitate 
the sulfate as described under Sulfuric Acid (Hintz and Weber). 

Titanium, Ti. At. Wt. 47.90 

Titanium occurs very commonly in rocks but usually only in small 
quantities. It occurs together with zirconium, cerium, and thorium 
and is very similar to zirconium in its chemical behavior. 

For the determination of small quantities of titanium the colorimetric 
method is very satisfactory except when large quantities of iron, phos- 

* Bromine or hydrogen peroxide can be used instead of nitric acid. If a black 
iron precipitate is obtained later, owing to incomplete oxidation, add 10 ml of 3 per 
cent hydrogen peroxide and heat till the precipitate is reddish brown. 
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phoms, alkali salts, or even tracuis of vniuuliiini are pn'sent. When 
these elements interfere it is not advisahk; to try coloriim^tric de- 
termination until after they have Ixuai niinovcHl 

When titanium, is unaccompanied hy of.lu'r cations of (.his ^-roup it is 
best to precipitate it with ammonia.. Th(‘ pinclpii.ah^ of Ti(()!I),i, or 
hydrated TiOo, is not dissolved by a.n (‘xcess of ammonia, and is ea.sily 
converted into Ti 02 by ignition. 

Usually it is necessary to removal ti(.a,nium from iiderhalng ele- 
ments, and then, after the sepa, ration luis betui a,c(H)mplislH‘<l, it is best 
to determine the titanium volumd-rically or colorimd ritually. 

In Schoeller and Powdl’s md.hod (sch^ Index) (ilanium is prc'cipitatnd 
as the red tannin a,dsorpti()n compl(‘X from fairly {tdd oxahdn solut ions, 
which provides a quantita.tiv(^ sc'pa, ration from aluminum, Tlu^ Gooch 
method depends upon adding a.lka.Ii a(*.(d.a.l.(‘ a.nd carrying out. a. basic 
acetate precipitation. Th(‘. ilta.ni\im ])r(M‘.ipiia(.(‘s in (lu^ pn'wauH^ of 
sufficient acetic acid to keep most of th(^ a.Iuminum in solution. The 
Baskerville method is ha,s(Hi upon t.lu^ fact, that a. lusarly lunitnil solu- 
tion of titanium and iron (‘hloThk's wlum boikal with sulfurous acid at 
moderate dilution givers a. [)nKlpit,at(^ of tit.a.nium liydroxid(‘ whik^ tlie 
iron remains in solution in the huTous sta.t.(^. Thornt.on nH^onmumds 
the use of cupferron (ammonium nitrosoplumylliydroxylamimO. 1h('se 
methods will be discussed urnkT th(i s(‘i)a.rations (ksscribcHl a. little 
farther on. 

(a) Determination as Titanium Dioxide 

Precipitate with ammonia in tlu^ nuimu'r (k'scrilx'd und(*r Iron (|). 90) 
or, to the nearly neut<ral solution, a,dd ,I0 g of ammonium a,c(d,at(^ a.nd 
10 ml of glacial acetic acid. Dilute to about 150 ml., luxit to boiling 
and filter. Wash the precipitate with 7 pen* c(mt iic.Ghi a.cid, ignite and 
weigh as Ti 02 . 

(h) Determination of Titanium Colorimetrically. Method of A. Weller* 

(Suitable for Hinall ainouutB of tiianiunp 

This determination depends upon hici tliai a.cid Holuti(,)nH of 
titanium sulfate are colored intensely yellow whem tnuitcul with hydro- 
gen peroxide; the yellow color mcroasos with tho amount of titanium 
present and is not altered by an excess of hydrogen pciroxidcu On tlu^ 
other hand, inaccurate results arc ol)taiiKHl in tlu^ pn^scuua*. of hydro- 
fluoric acid (liillebrand); consequently it is not p(irmiHsil>l(‘ to use 
hydrogen peroxide for this determination which has bcjcn pr(q)ar{‘d 


Ber., 16, 2593 (1882), 
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from barium peroxide by means of fiuosilicic acid."^ The so-called 

perhydrol is excellent though other commercial brands of hydrogen 
peroxide are satisfactory. Furthermore, chromic, vanadic, and molyb- 
dic acids must not be present, since they also give colorations with 
hydrogen peroxide. The presence of small amounts of iron does not 
affect the reaction, but large amounts of iron cause trouble on account 
of the color of the iron solution. 

Alkali sulfates have a marked bleaching effect unless considerable 
sulfuric acid is present and even then a slight effect is noticeable. 

Preparation of the Standard. — Heat 0.600 g of pure, recrystallized 
potassium fluortitanate, K 2 TiF 6 , with sulfuric acid in a platinum dish 
until all the fluorine is evolved. Add a little more sulfuric acid, evapo- 
rate to small volume but not to dryness, and repeat the treatment several 
times. Finally dilute with 5 per cent sulfuric acid to 200 ml. One 
milliliter of this solution corresponds to 0.001 g of Ti02. To make 
sure that the standard is correct, dilute 50 ml to about 150 ml, add 
a slight excess of ammonia, heat nearly to boiling, filter, wash with 
hot water till free from potassium, ignite, and weigh as Ti 02 . 

Preserve the standard solution in a glass-stoppered bottle with the 
stopper coated with vaseline. Always withdraw the solution by means 
of a pipet, never by pouring it out. 

In making an analysis, take 5 ml of the standard solution, mix with 
sufficient hydrogen peroxide to fully oxidize it (1 or 2 ml of the 3 per 
cent reagent), and dilute with 5 per cent sulfuric acid to 50 ml in a 
measuring-flask. Each cubic centimeter of this diluted standard con- 
tains 0.1 mg of Ti 02 . 

The Test Solution. — It is most convenient- in rock analysis to de- 
termine titanium in the solution which has been used for the titration 
of the total iron after fusing AI2O3, Fe 203 etc. with K2S2O7- For ac- 
curate work, however, correction should be made for the iron and alkali 
content. 

If necessary, evaporate the sulfate solution containing the titanium 
to less than 100 ml. It should contain 5 per cent or more of sulfuric 
acid. Add sufficient hydrogen peroxide to fully oxidize the titanium. 
Then, if the color is less than that of the standard, dilute to exactly 

* To test for fluorine: Add a slight excess of sodium carbonate to 50 ml of the 
reagent and heat to decompose the peroxide. Filter if a precipitate forms and add 
to the boiling solution an excess of calcium chloride. Filter and ignite the precip- 
itate. Add acetic acid till the calcium carbonate is dissolved, filter, wash, and 
ignite the residue gently. Test with sulfuric acid to see if a gas is evolved which will 
etch glass, or with sulfuric acid and silica to see if a gas is evolved which makes a 
drop of water turbid. 
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100 ml If the color is deeper, dilute to 200 ml or until the shade is 
weaker than the standard. Using a oolorinuikir or Nc^sslcu' tube, dilute 
10 ml of the standard solution with 5 p(u* cent sulfuric; .‘icid from a buret 
until, when viewed horizontally, the; color ma.t(;lH;s that of tlu' solution 
being analyzed. Repeat the comparison with s(;v(U‘al portions of the 
standard. Then, since the volume of the (lihit(;d sta-ndard and its 
titanium content are known, it is easy to compidn tlu; wcught of Ti()2 per 
milliliter of the solution being ana,lyz(;d . Thus if a nulIilit.(U‘s of the stand- 
ard (0.1 mg per ml) were diluted witli h millili{,(;rs of a-cid to make it 
correspond to the color of the t(;st(;d solution, of which l lu' tot.al volume 

was A milliliters, then — = milligrams Ti(h r)n‘S(;ut. 

a + 6 “ ^ 

To correct joT iron, it is usually sufficic^nt (.o assiinu; tlmt {.he coloring 
power of 0.1 g of FegO;} in 100 ml of 5 per (;(mt sulfuric; acid is about 
equal to 0.2 mg of TiOo in the; sa-mc; volume. It is more (‘xa.ct, how- 
ever, to add to the standard a quant.it^y of fcu’ric; alum solution that 
corresponds to the weight of iron in thci sa.m{)l(‘. If A is thc‘ millilitca’s 
of the test solution iiscxi in n prclirtiinary tc‘s(., made* as just dcsscrilx^d, 
a the milliliters of the standard uschI, b the millilitnrs of a.cid uscmI, p the 
weight of Fe203 corrc;sponcling to the iron in A, and x tlic; wcu'ght of 
iron (in terms of F(;20;}) which should be; prc;s(;n{. in c\a.c;li millililnr of 
5 per cent sulfuric acid usc;d for clilullng the; s{.a.nda,rd, thcui sincc‘ bx is 

the weight of Fe20;j in {a + h) milliliters of dilutnd sf.andard and is the; 
weight of Fe203 per millilitnr of solution bc;ing tcvstcul, wc^ have; 


p _ 

A a + b 


and 


X 


p(a -f- b) 
Ab 


To correct for the; bl(;aching c;rf(;ct of alkali sulfatn, a. similar compu- 
tation will show how much should l)e aclclc;d to the' 5 pea* c;(uit sulfuric 
acid solution used in diluting the standard. In orclina.ry rock aaialysis, 
however, no correction n(;ed be; applic;cl for the alkali sulfal.c; i)Tns(ml. if 
the Ti02 content exc(;(;ds 0,02 g, whc;n 6 g of potassium pyrosulfat.c; 
is used for fusing the ignited AI2O3, F(;2()3 (itc., and iJu; melt is dissolvcxl 
in 100 ml of 5 per cent sulfuric acid. If the; TiOo c;ontc;n{. is bc;tw(‘(;n 
0.002 and 0.01 g, the weight of TiOg found by the; Inst is too low by 
0.0004 g. 

If vanadium is present, precipitate the til.anium (and va,na.dium) 
with ammonia and fuse with sodium carbonate;. Bodium vana-dal.e; is 
formed which dissolves in water. Sodium titanatn, is hydrolyzeal and 
none of it dissolves in water. After extracting with wate;r, th(;r{;for(;, 
fuse the residue with K2S2O7 and dissolve the melt in 5 per cent sulfuric 
acid. 
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Considerable phosphoric acid has a bleaching effect but the quantity 
present in rocks is too small to be serious. It is not advisable, however, 
to attempt to compensate the effect of ferric sulfate by adding phos- 
phoric acid, although this practice has been recommended. 

Chromium, Cr. At. Wt 62.01 
Forms: Chromic Oxide, Cr 203 ; Barium Chromate, BaCr 04 
(a) Chromic Compounds 

Determination as Chromic Oxide 

1. By Precipitation with Ammonia"^ 

If the chromium is present in solution as chromic compound it can 
be precipitated exactly as described under Aluminum, by means of 
the slightest possible excess of ammonia f in the presence of considerable 
ammonium salts (or better still, by the addition of freshly prepared 
ammonium sulfide solution to the boiling solution). Wash the pre- 
cipitated Cr(OH)3 with 2 per cent ammonium nitrate solution and 
ignite wet in a platinum crucible. Cool and weigh as Cr203. The 
results obtained are always a few tenths of a per cent too high on ac- 
count of the formation of small amounts of chromic chromate. It is 
best, therefore, to heat the precipitate and allow it to cool in a stream 
of hydrogen. Use a Rose crucible and introduce hydrogen from a 
Kipp generator. Weigh as Cr203. 

If phosphoric acid is present, it will be found in the precipitate. 
In this case fuse the dried precipitate in a nickel crucible with sodium 
carbonate and sodium peroxide, whereby sodium chromate and sodium 
phosphate are obtained. Determine the chromate volumetrically as 
described for the analysis of chromite. 

2. By Precipitation with Potassium lodide-Iodate Solution. Method 
of Stock and Massaciut 

Carry out the determination as with aluminum (cf. p. 96). Treat 
the slightly acid§ solution, contained in a porcelain dish, with a mix- 

* Cf. C. Rothaixg, Z. anorg. Chem.j 84, 165 (1914). 

f An excess of ammonia prevents the complete precipitation of the chromium 
hydroxide, the filtrate is then colored pink. In such cases the filtrate must be boiled 
until the excess of ammonia is expelled, and all the chromium is precipitated. 

{ Ber., 1901, 467. 

§ If the solution is strongly acid, it is neutralized by the addition of pure XOH 
solution drop by drop, until a faint permanent turbidity is obtained. 
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ture of potassium iodide and iodate, decolorize after a few minutes 
by means of sodium thiosulfate solution, treat with a little more iodide 
and iodate and then again with a few milliliters of sodium thiosulfate, 
and heat half an hour on the water-bath. The flocculent precipitate 
of chromic hydroxide settles quickly. Filter, ignite in hydrogen, and 
weigh as feOs. 

3 . By Precipitation with Ammonium Nitrite^ 

If the solution of the chromic salt is acid, neutralize with ammonia 
until a slight permanent precipitate is obtained. Dissolve this pre- 
cipitate with a few drops of hydrochloric acid and add an excess of 6 
per cent ammonium nitrite. Boil the liquid until all nitrous fumes have 
Ibeen expelled. By this means practically all the chromium will have 
been precipitated, but in order to throw down the last traces, add am- 
monia, drop by drop, until the odor of free ammonia barely persists 
in the solution. Allow the precipitate to settle while the beaker re- 
mains on the water-bath, filter, wash with hot water, ignite wet in a 
platinum crucible in an atmosphere of hydrogen and weigh as Cr203. 

ih) Chromates 

If the chromium is present in solution in the form of an alkali cliro- 
mate, free from chloride and large amounts of sulfuric acid, it may be 
determined very accurately by precipitation with mercurous nitrate 
solution as mercurous chromate; on ignition the latter is changed to 
Cr203. 

Procedure. — To the neutral or weakly acid solution add a, solu- 
tion of pure mercurous nitrate; brown, basic mercurous (ihroinate, 
(4Hg20-3Cr03), is formed. On heating to boiling, thci pr('(*jpi(,a(.n 
becomes a beautiful, fiery red, being converted into tlm neutral salt 
Hg2Cr04. This red salt settles very quickly, and if tlic^ pn'cipitation 
is complete the solution above the precipitate will be colorh^ss. After 
cooling, filter the precipitate off, wash it thoroughly with water con- 
taining a little mercurous nitrate, dry and separate from tlu; filt(3r as 
completely as possible. Burn the filter in a platiniun spiral, and ignite 
the ash with the main portion of the precipitate, gently at first and 
finally strongly, in a platinum crucible under a hood witli a good draft. 
Weigh the residue as Cr203. 

* E. Schirm, Chem. Ztg., 1909, 877. Of. p. 97. According to Bchoollcr and 
Schrauth 1909, 1287) iron, chromium, aluminum, and ^^inc can be precipi- 

tated by means of aniline. 
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The purity of the mercurous nitrate must be tested before using it. 
Five grams of the salt should leave no residue after being ignited.' 

This excellent method for the determination of chromium unfortu- 
nately permits only a very limited application. If the solution contains 
any considerable amount of chloride, mercurous chloride will be pre- 
cipitated with the mercurous chromate, which, although volatile on 
ignition, renders the precipitate too bulky and the method inaccurate. 

If, therefore, it is necessary to determine chromium present as chro- 
mate in a solution containing chloride, two other methods are at our 
disposal. The chromate may be reduced by boiling with sulfurous acid 
(or by evaporating with concentrated hydrochloric acid and alcohol) 
and analyzed according to (a), or it may just as accurately, and much 
more conveniently, be determined by precipitating as 

Barium Chromate 

which is weighed after gentle ignition. 

Procedure. — To the boiling neutral solution, or one weakly acid with 
acetic acid, add a solution of barium acetate, drop by drop,’*' and, after 
standing for some time, filter through a Gooch crucible (without using 
very strong suction, as otherwise the filter will soon get stopped up and 
the solution will filter extremely slowly). Wash the precipitate with 
hot water till all soluble barium salt is removed, then with dilute alcohol 
and dry in the hot closet. Suspend the crucible in a larger one of 
porcelain by means of an asbestos ring (cf. p. 37) and heat, at first 
gently, and finally over the full flame of a good Bunsen burner. After 
5 minutes remove the cover and continue heating until the precipitate 
appears a uniform yellow throughout. Cool in a desiccator and weigh 
as BaCr 04 . 

Sometimes the precipitate appears green on the sides of the crucible 
owing to a slight reduction (by means of dust, traces of alcohol, etc.) 
of chromic acid to chromic oxide. The latter gradually takes on oxy- 
gen from the air during the long-continued heating of the open crucible, 
so that the green color gradually disappears. 

If a grams of chromate were taken for analysis, and the barium chro- 
mate precipitate weighed p grams, then the amount of chromium 
present may be calculated as follows: 

X ~ . 2 = per eent Cr 

BaCr04 a 

* If the barium acetate solution is added too quickly some of it' will be carried 
down with the barium chromate, so that too high results will be obtained. 
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Example for practice: Potassium dichromate, K2Cr207, purified and 
dried as described on pp. 49 and 50. 

Weigh out about 0.5 g of the salt. Dissolve in 300 ml of water, 
add ammonia till neutral and then 10 drops of 6 N acetic acid. Heat 
to boiling, slowly add the barium acetate solution, and continue as 
described above. 

Chromium originally present as chromate, or obtained as such after 
suitable oxidizing treatment, may be determined accurately by volu- 
metric methods described in Part 11. 

Uranium, U. At. Wt 238.2 
Forms: UaOs and UO2 
Determination as UsOs 

Uranium fe almost always precipitated by means of ammonia as 
ammonium uranate (NH 4 ) 2 U 207 and changed to UsOs by gentle ignition 
in a platinum crucible with free access of air. The method is accurate 
if nothing else is present that will precipitate on neutralizing the solu- 
tion and if care is taken to avoid the presence of CO 2 ; (NH.i) 2 U 207 
dissolves in (NH 4 ) 2 C 03 , forming (NH 4 ) 4 [U 02 (C 03 ) 3 ]. The precipita- 
tion with ammonia should be carried out as described for aluminum, 
and the ammonium uranate precipitate should be washed with hot 
2 per cent ammonium nitrate solution. 

According to the temperature of ignition, the UaOg appears dirty 
green or black, and is difficultly soluble in dilute hydrochloric or sulfuric 
acids; in nitric acid it dissolves gradually. By heating with dilute sul- 
furic acid (1 vol. cone. H2SO4 + 6 vol. H2O) in a closed tube at 150°-' 
175° for a long time (W. F. Hillebrand),* the UaOg is completely dis- 
solved with the formation of uranous and uranyl sulfates : 

U3O8 -k 4 H2SO4 = 2 U 02 (S 04 ) + U(S 04)2 + 4 H2O 

UgOs is also readily soluble in dilute sulfuric acid in the presence of 
potassium dichromate. These two last facts are taken advantage of 
in the volumetric determination of uranium (which see). 

If the ammonium uranate precipitate is heated over a Mi'^ker burner, or blast 
lamp, in a stream of hydrogen, it is converted into UO 2 . This method also gives 
accurate results. 

Precipitation from a Solution containing Cupferron 

Cupferron, CeHs-NO-ONHd, which is the ammonium salt of phenylnitrosohy- 
droxylamine, is a valuable reagent because it precipitates iron, vanadium, ^^ircon- 


* Bull. U. S. Geol. Survey, 78, p. 90. 
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ium, titanium, tin, columbium, and tantalum in strongly acid solutions. Uranium 
in uranyl salts, in which the valence of the uranium is six, is not precipitated by 
cupferron so that a separation from ferric iron can be accomplished; but if, after 
the iron precipitate has been removed, the uranium is reduced to the quadrivalent 
state, all the uranium can be precipitated by means of cupferron, and the precipi- 
tate is converted into UaOs by strong ignition. 

Procedure. — Evaporate the filtrate from the iron determination 
(cf, p. 163) to about 50 ml, add 20 ml of concentrated HNOs and 10 ml 
of concentrated H2SO4 if not already present. Evaporate until fumes 
of sulfuric acid are evolved freely, cool, add 20 ml more of HNO3, and 
repeat the evaporation to fumes. Continue this treatment with nitric 
acid until all the organic matter present is oxidized as shown by no 
dark color appearing on evaporating. Then, to remove the last traces 
of nitric acid, allow the fuming solution to cool, wash down the sides 
of the beaker, and’ again evaporate to strong fumes. Cool, dilute to 
make the solution contain about 6 ml of concentrated sulfuric acid per 
100 ml, and pass through a Jones redactor (see Index). Rinse out the 
redactor with 8 per cent sulfuric acid. Cool the reduced solution to 
below 15°, add macerated filter paper (p. 98) and an excess of 6 per cent 
cupferron solution. Filter and wash with cold 4 per cent H28O4 solution 
containing 1.5 g of cupferron per liter. 

Separation of Iron, Aluminum, Chromium, Titanium, and Uranium 
from Calcium, Strontium, Barium, and Magnesium 

To the solution containing the above substances in the presence of 
considerable ammonium chloride in an Erlenmeyer flask, add a slight 
excess of freshly prepared ammonium sulfide, free from sulfate and 
carbonate. After standing over night filter off the precipitate and wash 
it with water containing ammonium sulfide. It contains the ii‘on and 
uranium as sulfides, the aluminum, chromium, and titanium as hy- 
droxides. If large amounts of magnesium are present, some of it 
is almost always present in the precipitate, so that it is then necessary, 
after filtration, to dissolve the precipitate in hydrochloric acid and to 
reprecipitate with ammonium sulfide. 

Instead of using ammonium sulfide, the separation can be accom- 
plished satisfactorily with ammonia; the iron must then be in the ferric 
condition. Carry out the treatment as described for the precipitation 
of aluminum with ammonium hydroxide using methyl red as indicator. 

Separation of Iron from Aluminum 

(1) To a boiling solution of half-normal sodium hydroxide in a por- 
celain dish, add the dilute, acid solution of ferric and aluminum chlo- 
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rides. After the solutions are all mixed make sure that an excess of 
alkali hydroxide is present so that all the iron is precipitated as Fe(OH)3'^ 
and all the aluminum dissolved as NaA102. Dilute with hot water and 
filter. For the iron determination, dissolve the precipitate in hydro- 
chloric acid, reprecipitate with ammonia, f ignite and weigh as Fe203 
(see p. 99). Precipitate the aluminum as hydroxide in the filtrate 
by acidifying with nitric acid and then adding ammonia. Filter, wash 
with 2 per cent ammonium nitrate solution, ignite and weigh as AI2O3. 

(2) Add three times as much tartaric acid as corresponds to the 
weight of dissolved Fe203 and AI2O3 and pass hydrogen sulfide into the 
solution until it is saturated. Add a very slight excess of ammonia, 
and allow t-he sulfide of iron to settle in a closed Erlenmeyer flask. 
Filter, wash with water containing ammonium sulfide, dissolve in hydro- 
chloric acid, oxidize with a little potassium chlorate or nitric acid, and 
precipitate as ferric hydroxide by the addition of ammonia. Deter- 
mine the aluminum in the filtrate by evaporating to dryness with the 
addition of a little sodium carbonate and potassium nitrate, t Gently 
ignite the residue in a platinum dish to destroy the tartaric acid, dissolve 
the residue in dilute nitric acid, filter off the carbon, and precipitate the 
aluminum from the solution by the addition of ammonia. 

(3) Add sodium carbonate solution to the neutral solution of the 
chlorides or sulfates (not the nitrates) until a slight permanent pre- 
cipitate is formed; dissolve this by the addition of a few drops of hydro- 
chloric acid. Dilute the solution to about 250 ml for each 0.1 or 0.2 g 
of the metals present, add an excess of sodium thiosulfate solution, 
and boil the solution until every trace of S()2 has disappeared. By 
this operation the ferric salt is reduced to huTous salt : 

2 Na2S203 + 2 FeCls = 2 NaCl + Na2S40a + 2 FeCb 

and the aluminum is precipitated as the hydroxide: 

2 AICI3 + 3 H2O + 3 NasSsOa = 6 NaCl + 3 S()2 T + 3 S + 2 Al(OH)3 

Filter off the precipitate of aluminum hydroxide and sulfur, wash with 
hot water, dry, transfer as completely as possible to a porcelain crucible, 
burn the filter in a platinum spiral and a,dd the ash to the crucible. 
Ignite gently until all the sulfur has been expelled and then more 

* If the precipitate is large, it should be dissolved in hydrocliloric acid and again 
precipitated with NaOH. 

t It is very hard to wash the NaOH precipitate free from alkali so that the first 
precipitate should not be weighed. 

f For the direct determination of aluminum by precipitation with tannin and 
without destroying tartaric acid, see pp. 176, 177. 
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strongly over the blast, M&er or Teclu burner until the weight is 
constant. Cf. p. 96. 

To determine the iron, make the filtrate acid with hydrochloric acid, 
boil off the SO 2 , filter off the sulfur, oxidize the solution with nitric 
acid, and precipitate the iron as ferric hydroxide as described on p. 99. 

Or add ammonia and ammonium sulfide to the fiiltrate from the 
A1(0H)3 precipitate, filter and wash with hot water. Dissolve the 
iron sulfide in hot 2 N hydrochloric acid, oxidize to the ferric condition 
with concentrated nitric acid, dilute, and precipitate with ammonia 
according to p. 99. 

(4) Precipitate both iron and aluminum with ammonia, filter, 
wash, dry, ignite in a porcelain or platinum crucible, and determine 
the weight of the combined oxides. After a constant weight is ob- 
tained, digest the mixed oxides with concentrated hydrochloric acid to 
which a little water has been added (10 HCl : 1 H 2 O) in a covered 
crucible until the iron is completely dissolved. If ferric oxide pre- 
dominates, as it frequently does, the solution is effected in 1 or 2 hours. 
If, on the other hand, a relatively large amount of alumina is present, as 
is usual with silicates, a condition which can be predicted by the color 
of the precipitate produced by ammonia, the precipitate dissolves 
very slowly and many times only incompletely. 

In the latter case instead of treating with hydrochloric acid, fuse 
the ignited oxides with 12-15 times as much potassium pyrosulfate, 
K2S2O7 (cf. Vol. I).* The conversion of the oxides into sulfates is 
usually complete in 2-4 hours, f Place the crucible together with its 
cover in a beaker, add water and a little sulfuric acid, and dissolve the 
melt by warming gently and passing a current of air through the solu- 
tion in order to keep the liquid in motion. ‘A small amount of platinum 
is always dissolved by this treatment.! After removing the crucible 
and its cover, heat the solution to' boiling and reduce with hydrogen 
sulfide as described on p. 103. After the iron is reduced, filter off the 
platinum sulfide, again introduce hydrogen sulfide, and continue as 
described on p. 104, finally titrating the reduced iron with standard 
potassium permanganate in 250 ml of cold acid solution. The alumi- 
num is determined from the weight of the combined oxides after de- 

E. Deussen finds that fusion with KF -HF works better. The platinum is not 
attacked and the solution is effected more readily. — Z. angew. Chem., 1906 , 815, 

t If the precipitate produced by ammonia is well mixed with filter-paper pulp 
(cf . p. 98)’ the ignited oxides will be obtained in a condition such that the fusion with 
potassium pyrosulfate can be made within 10 minutes. 

{ If the fusion is made in a silica crucible, there will be no platinum to remove. 
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ducting the weight of Fe 203 corresponding to the volume of perman- 
ganate used in the titration. 

For the determination of iron in silicates the above process is most 
suitable (Hillebrand). The reduction of the ferric salt to ferrous salt 
by means of hydrogen sulfide possesses advantages over the reduction 
by means of zinc, for in the former case no foreign element is introduced, 
and furthermore zinc serves to reduce the titanium that is almost 
always present in rocks, and this will be again oxidized by the per- 
manganate, so that too high an iron value will be obtained. When 
titanium is present, it is better to reduce with sulfurous acid as described 
in Part II of this book. 

If all the iron is dissolved by treating the oxides with hydrochloric 
acid, evaporate the solution to dryness and treat the residue with a few 
milliliters of dilute sulfuric acid, evaporate on the water-bath as far as 
possible, and then heat over the free flame until fumes of sulfuric acid 
are evolved. After cooling, dissolve the sulfates in water and reduce 
the ferric sulfate to ferrous sulfate by introducing a piece of zinc, free 
from iron, into the crucible and covering with a watch glass. The 
reduction is complete in 20-30 minutes. Filter off the slight residue of 
platinum* with the excess of zinc, catching the filtrate in a flask already 
filled with carbon dioxide. Wash the residue with water that has been 
boiled, and titrate the solution with potassium permanganates solution. 

The latter method is to be recommended for the det(^rmination of 
small amounts of iron in the presence of still less aluminum, as is the 
case in the analysis of mineral waters. 

The following procedure leads to the same end, but the results are 
not quite so reliable: 

Dilute the solution in which the iron and aluminum are to be d(‘-ter- 
mined to a definite volume {e.g.j 250 ml) and take two aliquot portions 
by means of a pipet (usually 100 ml). 

In one portion determine the weight of the combined oxides of iron 
and aluminum by precipitation with ammonia and ignition of tlui pre- 
cipitate as described on p. 95; in the other aliquot d(‘,termine the iron 
by titration. If the solution contains hydrochloric acid, a-s is usual, 
it is best first to precipitate the iron with a,mmonia, filt(‘r, wash, and 
dissolve in dilute sulfuric acid. Reduce this solution and titrate as 
described above, f 

* Platinum is perceptibly attacked by long digestion with ferric cliloride solution: 

4 FeCls -h Pt + 2 IICl - ILPtCls + 4 FeCl, 

The chloroplatinic acid is reduced to platinum by the action of zlm. 

t It is desirable to get rid of the hydrochloric acid on account of its action upon 
potassium permanganate (cf. Volumetric Analysis, under Iron). In the presence of 
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Separation of Iron, Aluminum, and Phosphoric Acid 

Although the determination of phosphoric acid has not yet been 
described, its determination in the presence of iron and aluminum 
will now be discussed because this highly important separation is neces- 
sary in the analysis ‘of almost all minerals containing iron and aluminum 
as well as in the analysis of many mineral waters. Two cases are to be 
distinguished : 

1. The solution contains only a small amount (a few centigrams or 
less) of iron, aluminum, and phosphoric acid, 

2. The solution contains large amounts of these substances. 

1. In the first case the determination of all three constituents must 
be undertaken in the same portion, as otherwise errors would be intro- 
duced on account of the small quantities to be determined. First 
treat with ammonia as described on p. 95 whereby the iron, aluminum, 
and phosphoric acid are precipitated.* 

Ignite the precipitate in a platinum crucible and weigh: 

Fe203 ”{- AI2O3 '“j" -P2O5 = A. 

Fuse the oxides with six times their weight of a mixture consisting of 
four parts anhydrous sodium carbonate and one part pure silica. Heat 
the mixture over the blast lamp or Meker burner. Cool, extract the 
melt with water to which a little ammonium carbonate has been added, 
and filter. The filtrate contains all the phosphoric acid and a very 
little silicic acid; the residue contains all the iron and aluminum and 
considerable silica. 

For the determination of the phosphoric acid, evaporate the filtrate 
to dryness with hydrochloric acid on the water-bath in order to remove 
the silica, moisten the residue with 6N hydrochloric acid, take up in 
a little water, filter, and precipitate the phosphoric acid in the filtrate 
by the addition of ammonia and “ magnesia mixture,” as described under 
Phosphoric Acid. By igniting in a porcelain crucible change the pre- 
cipitate of magnesium ammonium phosphate to magnesium pyro- 
phosphate and from its weight p calculate the amount of phosphoric 
anhydride, P 205 ( = B ) : 


hydrochloric acid, the Zimmermann-Reinhardt method of reducing with stannous 
chloride and titrating with permanganate is capable of giving good results. See 
Part II. 

* The phosphoric ac'id is usually present in such small amounts that the iron and 
aluminum are more than sufficient to effect the precipitation of all the phosphoric 
acid, on the addition of ammonia, as phosphates of these metals. 
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Subtract B and A to get the combined weight of the iron and alu- 
minum oxides and then after determining the iron by titration the 
aluminum can be estimated by difference/^ For the determination 
of the iron, take the insoluble residue obtained after treating the prod- 
uct of the fusion with water and ammonium carbonate and digest it 
with hydrochloric acid in a small porcelain crucible until the iron oxide 
is completely dissolved. Add a little 18 iV sulfuric acid, and evaporate 
first on the water-bath, and then over a free flame until fumes of sul- 
furic anhydride are evolved. After cooling, add water and digest on 
the water-bath for some time. Filter off the silica, reduce the solution 
by means of hydrogen sulfide (cf. p. 115, sub. 4), and, after removing 
the excess of hydrogen sulfide, titrate the iron with permanganate solu- 
tion.* From the amount of permanganate used, the quantity of ferric 
oxide ((7) can be calculated, and by deducting this from the weight 
of the combined oxides, the weight of the AI 2 O 3 is ascertained : 

A -{B + C)= AI2O3 

2 . If the solution contains large amounts of iron, aluminum, and 
phosphoric acid, divide it into three aliquot portions and in one deter- 
mine the value of A by precipitation with ammonia; in the second 
determine the phosphoric acid by the molybdate method as described 
under Phosphoric Acid; and in the third determine the iron by titration. 

Separation of Iron from Chromium 

1. The chromium is oxidized in alkaline solution by meiins of chlorine, bromine, or 
sodium peroxide to a soluble chromate, and tlie insoluble ferric hydroxide is filtered 
off. If the chromium alone is desired, it is often l)otter to fuse with sodium carbonate 
and peroxide as described for the Analysis of Chromite. 

Procedure. — Pour the solution of the chlorides into an hlrlenmoyer 
flask of Jena glass, provided with a ground-glass stopper and tubes by 
which gas may enter and leave the flask, and add sodium hydroxide 
solution until strongly alkaline. Heat on the watcjr-bath and con- 
duct chlorine gas through the liquid, or add bromine wat(ir, until it 
becomes distinctly yellow and the ferric hydroxide has assumed its 
characteristic reddish brown color. When the oxidation is accom- 
plished by chlorine gas, 0.5 g of the mixed oxides will bo com])l(4,(‘Iy 
oxidized in 15 to 20 minutes. Dilute the solution with watc^r and filter. 
Carefully make the filtrate acid with acetic acid, f)r(‘cupitn;to tlu^ chro- 
mium by the addition of barium acetate, and treat the precipitate of 

* Instead of reducing the iron, the ferric salt may be titrated directly with titanous 
chloride or iodometrically (see Volumetric Analysis). 
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barium chromate as described on p. 111. Dissolve the ferric hydroxide 
in hydrochloric acid, reprecipitate with ammonia as described on p. 99, 
and weigh as ferric oxide. 

Remark. — If the chromate is to be determined as barium chromate, the solution 
must contain no sulfuric acid. If the latter is present, reduce the chromate by evap- 
orating with hydrochloric acid and alcohol. In the solution of chromic chloride 
thus obtained determine the chromium as chromic oxide after precipitation with 
ammonia as described on p. 109. 

In the case of a precipitate containing iron and chromic oxides, fuse with sodium 
carbonate and a little potassium chlorate. Extract the melt with w^ater, and de- 
termine the chromium in the aqueous solution by precipitating with barium acetate 
as described on p. 111. Dissolve the residue from the aqueous extraction of the 
fusion in hydrochloric acid, precipitate with ammonia, and determine the iron as 
ferric oxide, according to p. 99. 

If it is desired to precipitate the chromium as mercurous chromate, fuse the pre- 
cipitate containing the iron and chromic oxides with sodium carbonate and potas- 
sium nitrate, extract the melt with water, neutralize the solution with nitric acid, 
and precipitate with mercurous nitrate solution, as described on p. 110. 

2. It has been proposed to analyze the mixture of ferric and chro- 
mic oxides by strongly igniting them in a stream of hydrogen whereby 
the ferric oxide is reduced to metallic iron, while the chromic oxide is 
unchanged. The iron could then be determined by the loss of weight. 
This method, although theoretically very simple, seems from experi- 
ments carried out in the Zurich laboratory to be absolutely inadequate, 
for ferric oxide is so enveloped in chromic oxide that it is not even 
approximately reduced even when heated over the blast lamp. 

3. Iron may be separated from chromium by precipitating the iron 
with ammonium sulfide from a solution containing sufficient ammonium 
tartrate to prevent the precipitation of the chromium. The separation 
is the same as was described under Aluminum, p. 114, sub. 2. 

Separation of Aluminum from Chromium 

If the chromium is present as chromic salt, oxidize it to chromate by 
means of chlorine or bromine as described on p. 118. Make acid 
with nitric acid, and determine the aluminum as oxide after precipi- 
tating with ammonia as described on p. 95. In the absence of sulfuric 
acid the chromium can be determined in the filtrate as barium chro- 
mate (cf. p. 111). If sulfuric acid is present, reduce the chromate to 
chromic salt by the action of concentrated hydrochloric acid and al- 
cohol, precipitate with ammonia, and weigh as the oxide (see p. 109). 

If, however, the chromium is already present as chromate, at once 
precipitate the aluminum, with ammonia as hydroxide, as described 
on p, 95. 
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Separation of Iron from Titanium 

It is frequently necessary to determine both iron and titanium in 
a precipitate produced by ammonia consisting of a mixture of these 
two oxides alone, but it is more often necessary to determine titanium 
in the presence of iron, aluminum, and phosphoric acid, all of which 
are precipitated by ammonia in the analysis of rocks. 

For the separation of titanium from iron in the absence of alumina, 
the following methods are suitable : 

1. Ignite the precipitate produced by ammonia and weigh the mix- 
ture of oxides. Fuse it in a silica crucible with 15-20 times as much 
potassium pyrosulfate. Before starting the fusion, heat the pyro- 
sulfate, or fused potassium acid sulfate, in a silica crucible until it 
begins to evolve fumes of sulfuric anhydride. Fuse the oxides with this 
dehydrated pyrosulfate until they are converted to sulfates. Use a 
small flame and heat so that only a slight fuming is noticed when the 
crucible cover is raised. As the fusion progresses the color of the melt 
darkens, and the melting point of the mass rises as the sulfuric anhydride 
escapes. When the fusion is finished, there should be no unattacked 
oxide visible in the melt. If the temperature is raised too quickly, sul- 
furic acid escapes without reacting with the oxide, and if all the py- 
rosulfate is converted to sulfate, the mass expands on cooling and may 
crack the crucible. It is a good plan to add a little pyrosulfate at the 
last to prevent this or to add a little concentrated sulfuric acid to the 
solidified melt and then heat again. If the pyrosulfate is not anhydrous, 
the escaping steam will carry up some of the oxides to the top of the 
crucible and spatter them on the cover, and these particles are likely 
to escape the action of the pyrosulfate. 

When the fusion is finished, cool and dissolve the melt in cold 2.5 
per cent sulfuric acid, stirring mechanically to hasten the dissolving. 
If necessary, filter off any undecomposed oxide. Treat this with sul- 
furic and hydrofluoric acids to make sure that no silica is present and 
again fuse with pyrosulfate. 

Dilute the solution thus obtained to a definite volume, mix and take 
an aliquot part for the determination of iron and another aliquot for 
the determination of titanium. For the iron determination reduce with 
hydrogen sulfide as described on p. 103, and titx'ate the r(jduced solu- 
tion with standard permanganate solution. For the titanium d(^ter- 
mination, treat the other aliquot with sodium carbonate until a slight, 
permanent precipitate is formed; dissolve this in as litthi sulfuric a,cid 
as possible, saturate with hydrogen sulfide in the cold, add 5 g of sodium 
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acetate which has been neutralized with acetic acid,"®" and dilute to at 
least 500 ml. Conduct carbon dioxide through the solution, heat to 
boding, filter hot, wash with 7 per cent acetic acid containing hydrogen 
sulfide, ignite wet in a crucible, and weigh as Ti 02 . 

Remark, — If considerable iron is present, the titanic oxide thus obtained is likely 
to contain iron. Fuse it again with potassium pyrosulfate and repeat the precipita- 
tion exactly as before. In this way a precipitate free from iron is obtained. 

2. The Chancel-Stronmayer method of precipitating titanium is also 
satisfactory. Neutralize the solution obtained from the pyrosulfate 
fusion with sodium carbonate as described above, add an excess of 
sodium thiosulfate, dilute to about 400-500 ml, and boil for some 
time. In this way metatitanic acid and sulfur are precipitated, while 
iron remains in solution. During the filtration, however, the finely 
divided sulfur passes through the filter, so that the first method is 
preferable. In the presence of considerable iron the metatitanic acid 
obtained by this method is also contaminated with iron, so that the 
separation must be repeated. 

Separation of Aluminum from Titanium 

It has been proposed to separate aluminum from titanium by taking 
the slightly acid solution from the pjrosulfate fusion (p. 120), dilut- 
ing to a large volume, and boiling for some time on the assumption 
that metatitanic acid will precipitate, leaving aluminum sulfate in 
solution. This method, however, is useless, for alumina is precipitated 
with the metatitanic acid unless the solution contains enough acid to 
prevent this hydrolysis, in which a considerable amount of titanic 
acid remains in solution. 

One of the best methods of separation is that of Gooch ;t it consists 
in boiling a solution of the two elements containing considerable free 
acetic acid and alkali acetate; by this means all the titanium and little, 
if any, of the aluminum is precipitated. If, however, the amount of 
aluminum present is large (as is usual in rock analysis), the separation 
must be repeated. In no case is there danger of the precipitation of 
the titanium being incomplete. 

In practice it is almost always necessary to separate the titanium 
not from aluminum alone, but from iron and aluminum, so that the 
method of Gooch will be described for this more general case. 

Treat the solution obtained by dissolving the pyrosulfate melt in 

Of. footnote to p. 159. 

t Chem. News, 62, 55 and 68. 
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coldj dilute acid* with three times as much tartaric acid as the weight of 
the oxideS; saturate with hydrogen sulfide gas, and make slightly ammo- 
niacal. By this means all the iron is precipitated as ferrous sulfide, 
while the aluminum and titanium remain in solution. Filter off the 
iron sulfide, acidify the filtrate with sulfuric acid, heat to boiling, and 
filter off the precipitate of sulfur and platinum sulfide (the latter from 
the platinum crucible in which the fusion with pyrosulfate was made). 
Boil the filtrate to expel the last traces of hydrogen sulfide and destroy 
the tartaric acid by adding 2| times as much potassium permanganate 
as there is tartaric acid present. Add sulfurous acid until the precipi- 
tated manganese- dioxide is redissolved, after which add a slight excess 
of ammonia and 7-10 ml of glacial acetic acid for each 100 ml of solution. 
Boil the solution for one minute, allow the precipitate to settle, and 
decant the filtrate through a filter, f Finally transfer the precipitate 
to the filter, and wash with 7 per cent acetic acid and finally with a little 
hot water. Ignite the precipitate and weigh as Ti02. 

The precipitate contains manganese and aluminum, so that it must 
be purified. Fuse it with three times as much sodium carbonate. 
Leach the melt (colored green by the manganese) with cold water, 
leaving sodium metatitanatej and some alumina undissolved. Filter 
off the precipitate by means of a small filter, ignite this residue in a 
platinum crucible, and fuse again with a little sodium carbonate. After 
cooling, dissolve the contents of the crucible in 200 ml of 0.1 iV sulfuric 
acid. Add 5 g of sodium acetate and 20 ml of glacial acetic acid. 
After boiling 1 minute and allowing to stand until scittlcnl, filter the 
precipitate, wash with 7 per cent ac(dic acid, thcui with watcn’, dry, 
ignite, and weigh. This precipitate sometimes contains aluminum. 
Fuse it again with sodium carbonate and treat the molt with sulfuric 
acid, etc., exactly as described above. This time the precipitate is 
usually free from aluminum, but the process should be ix^peatcd until 
a constant weight is obtained. 

This analysis does not require much tim(5 if the quantity of titanium 
present is so small that the precipitates filter and wash, (juickly. 

For the determination of very small amounts of titanium, it is ad- 
visable to use the colorimetric method proposed by Wciler (cf. p. 106). 

The above method of Gooch is tcKlious and fails to take into con- 
sideration the fact that zirconium, if present, precipitates with titanium. 

* See p. 120. 

t Schleicher & Schull’s filter-paper No. 589 Ib satisfactory for this purpose. 

{ The sodium metatitanate undergoes hydrolysis and forms a pre(‘ipitate con- 
taining a much higher percentage of Ti 02 . 
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Phosphoric and vanadic acids are also likely to precipitate with titanium 
and zirconium but these were removed by the fusion with sodium 
carbonate which forms water-soluble sodium vanadate and phosphate. 
The titanium precipitate is also likely to contain some adsorbed alkali 
ions but this error is slight in rock analysis. Thorium and cerium are 
also precipitated to some extent, but usually these elements are present 
to such a slight extent that they may be neglected. For the separation 
of titanium from aluminum, zirconium, and thorium by means of 
tannin, see p. 177. To obviate the necessity of destroying the tartaric 
acid in the method of Gooch, W. F. Hillebrand* recommends the 
following procedure: 

Thornton^ sf Method of Precipitating Titanium and Zirconium 

To the filtrate from the iron sulfide precipitate, which was formed in 
an ammoniacal ammonium tartrate solution to prevent the precipitation 
of aluminum, titanium and zirconium by ammonia (cf. p. 122), add 40 
ml of 18 iV' sulfuric acid and boil to expel the excess of hydrogen sulfide. 
Cool to 15®, or below, dilute to 400 ml, and add a cold 6 per cent solu- 
tion of cupferron, with constant stirring (cf. p, 163). Allow the precipi- 
tate to settle and test the supernatant solution to see if the precipitation 
is complete; if so, a white turbidity forms instead of a yellow precipi- 
tate. Filter and wash 20 times with cold 1.2 hydrochloric acid. Place 
the precipitate and filter in a crucible and dry at 110-120®. Then ig- 
nite very cautiously with a small flame placed at the base of the in- 
clined, partly covered crucible. There is hkely to be a sudden gush 
of smoke when .the. oxidation of the organic matter starts. Gradually 
raise the temperature until all the organic material is destroyed. Fuse 
the residue with sodium carbonate, extract the melt with water, filter, 
and wash with dilute sodium carbonate solution. Dissolve the residue 
in dilute sulfuric acid and repeat the precipitation with cupferron. 
Ignite and weigh as Ti02 and Zr02. The separation of titanium and 
zirconium will be discussed on p. 127. 

* Analysis of Silicate and Carbonate Rocks, p. 166 (1919). 

t W. M. Thornton, Am. J. Sci. [4], 37 , 407 (1914); Chein. News, 110 , 5 (1914); 
Z. amrg. Chem., 87 , 375 (1914); Schroeder, Z. anorg. Chem., 72 , 95 (1911); Thornton 
and Hayden, Am. J. Sci. [4], 38 , 137 (1914); Chem. News, 110 , 153 (1914); Z. 
anorg. Chem., 89 , 377 (1914); Lundell and Knowles, J. Am. Chem. Soc., 41 , 1801 
(1919). 
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The Determination of Titanium in Titanium-Iron Ore 
Method of Bameby and Isham* 

The method is based on the volatilization of the silica by hydrofluoric acid in 
the presence of sulfuric acid, evaporation to dryness, and fusion with sodium car- 
bonate and a little potassium nitrate (which converts the iron and titanium to 
insoluble ferric oxide and sodium titanate), extraction with hot water to remove 
the soluble phosphates, sulfates, and aluminates, solution of the ferric oxide and 
sodium titanate in hydrochloric acid, extraction of ferric chloride with ether, re- 
duction of slight traces of iron wuth sulfurous acid, precipitation of the titanic acid 
by boiling in acetic acid solution, filtration, and ignition to titanium oxide (or the 
titanium may be determined colorimetrically). The method is accurate exc^ept 
that it fails to take into consideration the probable presence of zirconium and other 
rare earths which will precipitate with the titanium more or less completely. The 
tannin method, p. 177, provides for the separation of titanium from zirconium,, 
thorium, etc. 

Procedure. — Weigh out about 0.5 g of ore into a platinum crucible, 
cover with a little water, and add 5 to 10 drops of concentrated sulfuric 
acid, and about 2 ml of hydrofluoric acid. Heat the mixture carefully 
until finally no more sulfuric acid fumes are evolved. Add 5~10 g of 
sodium carbonate and a little potassium njtratet and fuse the mixture at 
least 30 minutes. Cool, place the crucible and cover in a beaker, add 
about 25 ml of hot water, and heat until the melt is disintegrated. 
Ferric oxide and sodium titanate are left insoluble in hot water. Re- 
move the crucible, and dissolve any adhering particles of ferric oxide 
and hydrolyzed sodium titanate in hot 6 A” hydrochloric acid; save 
this solution. Filter off the residue in the beaker and wash witli Iiot 
water, t Perforate the filter and carefully wash the residue into a 
clean beaker with 6 A hydrochloric acid. (No water is to be added 
from this stage of the analysis until after the subsequent treatment 
with ether.) Transfer the hydrochloric acid washings from the plat- 
inum crucible to the beaker and heat the entire solution on the liot 
plate until complete solution is effected and the total volume reduced 
to 15 or 20 ml Cool, add 2 ml of 12 A hydrochloric acid, and transfer 
the solution to a separatory funnel, rinsing the beaker with G A hydro- 
chloric acid, d. 1.10. Add an equal volume of ether, which has been 
saturated with concentrated hydrochloric acid solution, to the solution 

* J. Am. Chem. Soc., 32, 957 (1910). 

t The potassium nitrate is added to make sure that the (^nicnble is not injured by 
any sulfide or reducible metal which may be present. Too much nitrate should not 
be added; it will injure the crucible and also cause the melt to effervescie badly. 

t The residue should not be washed with too much hot water; the hydrolysis of 
the sodium titanate may go so far that the residue will not dissolve in hydrochloric 
acid. 
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in the funnel, insert a rubber stopper in the top, invert the funnel, 
open the stopcock, and shake thoroughly. Close the stopcock, place 
the separatory funnel in an upright position, and allow to stand 10 
minutes. Then drain off the aqueous layer into a second separatory 
funnel. Rinse the ether twice by shaking well with 5- to 10-ml por- 
tions of hydrochloric acid, and add the washings to the aqueous 
solution. Repeat the treatment with ether two or three times until 
the last portion of ether fails to show any greenish tinge due to the 
presence of dissolved ferric chloride. 

Rothe,* who first made use in quantitative analysis of the fact that 
ferric chloride dissolved in hydrochloric acid, d. 1.1, can be removed by 
shaking with ether, recommended the double separatory funnel shown 
in Fig. 40 on p. 173, but an ordinary 125-ml single separatory funnel 
can be used satisfactorily. 

Carefully heat the aqueous solution containing all the titanium, in 
the presence of little, if any, iron and aluminum, on a water-bath con- 
taining warm water to expel the dissolved ether, add 20 ml of 18 AT 
sulfuric acid, and evaporate the solution until fumes of sulfuric anhydride 
are evolved. Dilute the cooled solution to about 100 ml and nearly 
neutralize with ammonia. Add 1-2 g of ammonium bisulfite and heat 
the solution on the hot plate for half an hour. Now add 10-15 g of 
ammonium acetate, with 5-10 ml of glacial acetic acid, and boil the 
solution for 15 minutes. Filter, wash with 7 per cent acetic acid, ignite, 
and weigh as TiOa. 

Determination of Titanium in Steel f 

Treat 5.00 g of drillings in a 400-ml beaker with 100 ml of 6iV hydro- 
chloric acid and heat until all action ceases. Add 3 g of potassium 
chlorate dissolved in 100 ml of water to oxidize or dissolve any metallic 
residue. Boil the solution until tungsten, if present, is converted into 
yellow tungstic acid anhydride. Dilute to 200 ml and boil 5 minutes 
longer. Filter into a 600-ml beaker and wash the precipitate with 10 
per cent hydrochloric acid until the washings are colorless. 

The tungstic acid may retain traces of titanium oxide. To recover 
this, digest the precipitate with 4iV ammonium hydroxide which dis- 
solves the tungstic acid, filter, and add the residue to the main precipitate 
of titanium oxide. 

Dilute the first filtrate to 300 ml and add successively a slight excess of 
ammonium hydroxide, 3 ml of concentrated hydrochloric acid, and 25 g 

Z. anal. Chem., 1901, 809. 

t Method recommended by the U. S. Steel Corporation. 
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of sodium thiosulfate dissolved in 50 ml of water. Then, by boiling 
10 minutes, all the titanium is precipitated as metatitanic acid together 
with traces of aluminum, chromium, and vanadium. Filter and wash 
the precipitate three times with hot water. Ignite it and fuse with 3 g 
of sodium carbonate and a little potassium nitrate; the latter serves to 
oxidize the chromium. Leach the product of the fusion with water and 
filter off the insoluble residue which will contain all the titanium. 

Continue the analysis in either of the following two ways : 

(a) Gravimetric Method. Dissolve the residue on the filter in hot 6 N 
hydrochloric acid, nearly neutralize with ammonium hydroxide, add 
10 ml of glacial acetic acid and 10 g of ammonium acetate dissolved 
in water, dilute to 150 ml, and boil 3 minutes. Filter and wash the 
precipitate with 7 per cent acetic acid, ignite, and weigh as Ti 02 . 

(h) Colorimetric Method. Place the filter and precipitate of sodium 
titanate obtained after leaching the product of the sodium carbonate 
fusion with water, in a beaker containing 50 cc of hot 7.5 N sulfuric 
acid. When the precipitate has dissolved remove the paper by filtration 
into a comparison tube. Add 5 ml of hydrogen peroxide and matcli the 
color produced similarly with that obtained with known quantities of 
titanium. 

To prepare the standards, fuse 0.26 g of pure Ti 02 with 6 g of sodium 
carbonate. Treat the fused mass with 50 ml of water in a 250-ml 
beaker. Add 100 ml of 7.5 N H 2 SO 4 and heat until all is dissolved. 
Transfer the solution to a 250-ml rnc^asuring-fljisk, dilute to the mark, 
and mix. One milliliter of the solution contains 0.62 mg of Ti. 

Determination of Titanium in Ferro-Titaniumf 

Decompose 1.00 g of sample with 50 ml of 7.5 N sulfuric acid and 
evaporate the solution to fumes of sulfuric acid. When cold, add 100 ml 
of water and heat to dissolve the iron salts. Filter, igniter in a platinum 
crucible, and determine the silicon by volatilization witii hydrofluoric 
acid (see Silicic Acid). Weigh the residue and reserve it. 

Dilute the filtrate to 400 ml, neutralize with ammonium hydroxide 
until a faint permanent precipitate is obtained, and them luld, in suc- 
cession, 3 ml of 6 iV hydrochloric acid, 10 ml of glacial ac(dic n-cid, and 
50 ml of 20 per cent >sodium thiosulfate solution. Boil 10 minutes, 
filter, and wash with 7 per cent acetic acid. 


* If tunpten, molybdenum, and vanadium are absent, the oxi(Ia,tion witli chlorate 
can be omitted and the method considerably shortened. In this case do not oxidize 
the iron, and use only 10 g of thiosulfate, 
t Method recommended by the U. S. Steel Corporation. 
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Fuse the impure Ti02, together with the residue from the silica 
determination, with 5 g of sodium carbonate. Disintegrate the fused 
mass with water and filter off the water-soluble sodium phosphate and 
aluminate. Dissolve the residue on the paper in hot 6N hydrochloric 
acid and precipitate in the same way as before by adding ammonia, 
acetic acid, and sodium thiosulfate. Filter, wash with 7 per cent acetic 
acid, ignite, and weigh as TiOg. 

Determination of Titanium in Iron and Steel* 

Dissolve the sample (5 g) in 40 ml of hydrochloric acid (d. 1.10). 
Filter off the insoluble residue, wash with water, ignite in a platinum 
crucible, and treat with hydrofluoric and sulfuric acids to eliminate 
silica. Fuse the residue with sodium carbonate, leach the fused mass 
with water, filter, and dissolve the insoluble matter in sulfuric acid. 
Compare the amount of titanium in this solution with a standard solu- 
tion by proceeding as follows : Add a sufficient amount of ferric alum to 
the standard titanium solution to give the same tint as the sample 
when they are at the same dilution. Add 2 ml of 3 per cent hydrogen 
peroxide to the solution and standard respectively and compare in 
a colorimeter. 

The Separation of Zirconium from Iron, Aluminum, Chromium, 
Titanium, Cerium, and Thorium 

Zirconium, although almost always present in small quantities in rocks, is an 
element seldom determined in the past by the analytical chemist. It is very similar 
to titanium in its properties but is much less common. Rocks rarely contain more 
than 0.2 per cent of this element and usually less than 0.005 per cent. Zirconium, 
like titanium, although to less extent, is used in steel-making, so that the steel-works 
chemists are now interested in the determination of zirconium in ores and in the 
metals and alloys derived from them. 

At present the most popular method for determining zireoniumf consists in pre- 
cipitating secondary zirconium phosphate, ZrH 2 (P 04 ) 2 , from a cold or tepid solution 
containing 20 per cent by weight of concentrated sulfuric acid, by means of a large 
excess of diammonium phosphate. In the presence of hydrogen peroxide, titanium 
is not precipitated. In this way zirconium can be precipitated in the presence of 
iron, aluminum, chromium, cerium and thorium. 

Procedure. — For small quantities of zirconium (0.5 mg) the volume 
of the solution should be reduced to 25 ml before attempting to pre- 

* Method used at the Bureau of Standards, Washington, D. C. 

I Bailey, /. Chem. Soc., 49 , 149, 481 (1886); Steiger, J. Wash. Acad. Sci., 8 , 
637 (1918); Nicolardot and Reglade, Com'pt. rend., 168 , 348 (1919); Johnson, Chem. 
Met. Eng., 20 , 588 (1919); Ferguson, Eng. Mining J., 106 , 793 (1918); Hillebrand, 
Analysis of Silicate and Carbonate Rocks, p. 173 (1919); Lundell and Knowles, J. 
Am. Chem. Soc., 41 , 1801 (1919) and J. Ind. Eng. Chem., 12 , 562 (1920). 
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cipitate zirconium phosphate. With larger quantities, the volume 
should be increased and amount to 200 ml for the precipitation of 0.1 g 
of zirconium. To the neutral solution add concentrated sulfuric acid 
until 20 per cent by weight is present. Add sufficient hydrogen peroxide 
to change all the titanium to pertitanic acid and at least 10 times 
as much ammonium phosphate as required theoretically to form 
ZrH 2 (P 04 ) 2 . For small quantities of zirconium an excess of 100 times 
the theoretical quantity is desirable. Keep the solution at 40°~50° for 
2 hours, if more than 5 mg of zirconium is present, and for at least 
6 hours if the quantity of zirconium is smaller. Decant as much as 
possible of the supernatant liquid through- a filter and wash with cold 
5 per cent ammonium nitrate until the excess ammonium phosphate is 
removed. Do not wash with pure water as it causes hydrolysis of the 
precipitate, leaving less phosphoric acid in proportion to the zirconium. 
Moreover, it is easier to get a white, ignited precipitate when the filter 
and precipitate contain some ammonium nitrate. Ignite very care- 
fully in an open crucible using a low flame until all the filter paper car- 
bon has been consumed: then raise the temperature to the full heat of 
a Meker burner or the blast lamp. Weigh as ZrP 207 . 

If the weight of the precipitate exceeds a few centigrams, it is better 
to fuse with sodium carbonate, extract the product with hot water, 
and weigh the residue as Zr 02 . 

Determination of Zirconium, Aluminum, and Titanium in Steel 

Dissolve 5 g of steel in 50 ml of concentrated hydrochloric acid and 
add small portions of concentrated nitric acid until all the iron is oxi- 
dized to the ferric state. Evaporate to dryness, moisten the nisidue 
with 10 ml of concentrated hydrochloric acid, and repeat the evapora- 
tion, this time baking somewhat to remove any nitrates that may re- 
main, Take up the residue in 50 ml of 6 N hydrochloric acid and heat 
until all the ferric oxide and basic salts arc dissolved, Filtca’, wash the 
impure silica residue with hot, 3 per cent hydrochloric acid, and save 
the filtrate. 

Ignite the impure silica and determine its weight if it is desired to 
know the silicon content of the steel. Treat with hydrofluoric acid as 
de cribed under Silicic Acid. Fuse the slight residue with a little 
potassium pyrosulfate (see p. 120). Dissolve the melt in 15 ml of 5 
per cent sulfuric acid and add the solution to the acid extract obtained 
after the ether separation described in the next paragraph. 

Evaporate the filtrate and washings from the silica determination 
to sirupy consistency, add 40 ml of 6 A" hydrochloric acid, and extract 
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with ether as described on p. 124. The ether extract will contain most 
of the iron and molybdenum, and the acid extract will contain some 
iron and all of the zirconium, titanium, aluminum, manganese, chro- 
mium and copper, etc., that was present in the steel. 

Evaporate the ether from the acid extract, add the sulfuric acid 
solution obtained from treatment of the impure silica, and heat with 
0.5 ml of concentrated nitric acid to make sure that all the iron is in 
the ferric condition. Dilute to 200 ml and precipitate the iron, zir- 
conium, titanium, manganese, nickel, etc., by adding 20 per cent 
sodium hydroxide, adding 10 ml in excess. The caustic alkali used 
should be pure and free from carbonate. Dissolve the precipitate in 
hot QN hydrochloric acid, and repeat the treatment with caustic 
soda solution. Use the combined filtrates for the aluminum deter- 
mination and this last precipitate for the determination of zirconium and 
titanium. 

Dissolve the precipitate in hot 6N hydrochloric acid. Inasmuch 
as zirconium phosphate is not easily dissolved by acid, it is possible for 
some zirconium to be left on the filters used for retaining the sodium 
hydroxide precipitate. To recover this, ignite the filters in a platinum 
crucible, fuse the ash with sodium carbonate, and extract the sodium 
salts in the melt by treatment with hot water. Discard this aqueous 
solution, dissolve the residue in hot hydrochloric acid, and add the 
solution to that containing the greater part of the zirconium. 

Determination of Aluminum. — In the absence of chromium, uranium, 
and vanadium, add a few drops of methyl red indicator solution, neu- 
tralize with hydrochloric acid, and add 4 ml of concentrated acid in 
excess for each 100 ml of solution. Make barely alkaline with am- 
monia, boil 3 minutes and set aside for 10 minutes. If no precipitate 
forms, the absence of aluminum is assured. If a precipitate is obtained, 
filter it off and discard the filtrate. Without washing the precipitate, 
dissolve it in as little hot hydrochloric acid as possible. Dilute 
to 50 ml, neutralize with ammonia, and add 2 ml of concentrated nitric 
acid. Heat to 50° and precipitate phosphorus with ammonium molyb- 
date as described under the Determination of Phosphorus in Steel, 
by the Blair method. Filter and wash with ammonium acid sulfate 
solution and discard the precipitate of ammonium phosphomolybdate. 
Precipitate the aluminum hydroxide again with ammonium hydroxide 
as described above. Filter, discard the filtrate, redissolve in hot 3iV 
hydrochloric acid, and reprecipitate. After washing with 2 per cent 
ammonium nitrate, ignite and weigh as AI2O3. After so much manip- 
ulation, this precipitate is certain to contain a little silica from the 
reagents and glassware.^ It should be treated with sulfuric and hydro- 
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fluoric acid to volatilize silicon fluoride as described under Silicic Acid, 
or a blank may be made carrying out every operation described above 
with a solution containing no iron or aluminum. 

If the steel contains chromium, proceed as above until the filtrate 
from the ammonium phosphomolybdate precipitate is obtained. Con- 
tinue as above, but before the first precipitation of the aluminum hy- 
droxide and phosphate, add a little sodium peroxide to oxidize the chro- 
mite to chromate. Then use nitric acid instead of hydrochloric acid 
to neutralize the alkaline solution. The first precipitate produced by 
ammonia will then be free from chromium. 

If the steel contains uranium, use ammonium carbonate instead of 
ammonium hydroxide for the final precipitation of the aluminum. 

If the steel contains vanadium, the weighed AbO^ will contain some 
vanadium. Fuse the precipitate with potassium pyrosulfate, extract 
the cold melt with 5 per cent sulfuric acid, and determine the vanadium 
content as described under Vanadium. Make a corresponding deduc- 
tion from the weight of impure alumina. 

Determination of Zirconium and Titanium. — Dilute the hydrochloric 
acid solution, obtained after dissolving the sodium hydroxide precipitate 
in the preceding directions, to 250 ml. Neutralize partly with ammo- 
nium hydroxide but leave about 5 per cent by volume of fiV hydro- 
chloric acid. Add 2 g of tartaric acid and precipitate any copper by 
introducing hydrogen sulfide. Filter if necessary. Add ammonia to 
the solution which is saturated with hydrogen sulfide and introduce more 
of the gas. Filter and wash with water containing 2 per cent of am- 
monium chloride and a little ammonium sulfide. If a precipitate forms 
in the filtrate, heat to boiling and filter through a new filter. The 
precipitate contains, besides FeS, most of the manganese and all the 
nickel and cobalt as sulfides. It is advisable to (Uhicrmine these elements 
in another portion of the steel. 

Neutralize the ammonium sulfide filtrate with sulfuric acid, adding 
30 ml of concentrated acid in excess. Digest on the steam-bath until 
sulfur and sulfides have coagulated. Filter, wash with 100 ml of 10 
per cent sulfuric acid by volume. Cool the filtrate in ice water. 

Slowly add, with stirring, an excess of a cold 6 per cent solution of 
cupferron (ammonium nitrosophenylhydroxylamine). The excess of 
the reagent is shown by the formation of a white cloud on adding the 
reagent and the cloud disappears instead of forming a permanent 
coagulated precipitate. After waiting 10 minutes, filter with gentle 
suction and wash thoroughly with 10 per cent hydrochloric acid. Dis- 
card the filtrate. Carefully ignite in a weighed platinum crucible and 
weigh the Zr 02 and Ti 02 . 
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Fuse the weighed oxides with potassium pyrosulfate and determine 
the titanium colorimetrically as described on p. 106, Deduct the 
corresponding weight of Ti 02 from the weight of the two oxides, or 
carry out the tannin separation described on p. 177. 

Remarks. — Phosphorus does not interfere appreciably. Vanadium causes some 
trouble. If present in the steel, fuse the weighed cupferron precipitate with sodium 
carbonate and determine the vanadium in the water soluble extract. Fuse the in- 
soluble residue with potassium pjn-osulfate and determine the titanium colorimet- 
rically. 

Uranium may interfere slightly when present in the quadrivalent state. If this 
element is suspected, boil off all the hydrogen sulfide before the cupferron precipi- 
tation and oxidize the uranium to the sexivalent condition by means of permanga- 
nate and then proceed with the cupferron precipitation. 

Thorium and cerium interfere but are not thrown down quantitatively with the 
zirconium and titanium. If these elements are suspected, proceed as follows: 
Take the solution after the colorimetric determination of titanium and add an ex- 
cess of potassium hydroxide solution. Filter and wash once or twice by decantation 
and then a few times on the filter with water. Transfer to a platinum dish, add 
hydrofluoric acid and evaporate nearly to drjmess. Take up in 5 ml of 5 per cent 
hydrofluoric acid (by volume). If no precipitate is visible, the rare earths are ab- 
sent. If a precipitate is obtained, filter off the fluorides on a small filter resting 
upon a perforated platinum cone or a rubber cone. Wash the crude fluorides back 
into the platinum dish, add the ash of the filter and evaporate to dryness with a 
little sulfuric acid. Take up in hydrochloric acid and precipitate the rare earth 
hydroxides with ammonia. Filter, redissolve in hydrochloric acid, evaporate to 
dryness and treat the residue with 5 ml of boiling hot, 5 per cent oxalic acid solu- 
tion. After 15 minutes, filter, wash with less than 20 ml of 5 per cent oxalic acid, 
ignite, and weigh. Multiply the weight obtained by 1.18 to allow for an imperfect 
separation of the rare earths and deduct the weight from that of the Zr 02 obtained 
by the above procedure. 

Separation of Beryllium (Glucinium) and Uranium 

These two elements rarely occur together except in a few minerals. Neither of 
them is precipitated in the cold by adding an excess of ammonium carbonate to 
the acid solution and in this way they are different from iron and aluminum. By 
boiling the ammonium carbonate solution, however, basic beryllium carbonate 
is precipitated. If the boiling is continued long enough to make the precipitation 
of the beryllium quantitative, some uranium is thrown down, probably as ammonium 
uranate, (NH 4 ) 2 U 207 . Hydroxylamine serves to prevent the precipitation of the 
latter compound by ammonium hydroxide but it does not prevent precipitation of 
beryllium hydroxide. Brinton and Ellestad* found it possible to develop a satis- 
factory method of separating beryllium and uranium by using both ammonium car- 
bonate and hydroxylamine hydrochloride. 

Procedure. — To the hydrochloric acid solution containing 0.2 g or 
less of beryllium and 0.3 g of uranium in a volume of about 250 ml, 


/. Am. Chem. Soc., 46, 395 (1923). 



132 


GRAVIMETRIC ANALYSIS 


add 5 g of ammonium chloride, unless already present, and 5 g of 
hydroxylamine hydrochloride. Add concentrated ammonium carbon- 
ate solution until the precipitated carbonates dissolve completely in 
the excess of reagent. Heat to boiling and continue boiling for 30-60 
seconds after the heavy white precipitate of basic beryllium carbonate 
forms. Filter without delay and wash thoroughly with cold water. 
This precipitate will contain the greater part of the beryllium and 
should contain no uranium. 

Add hydrochloric acid in slight excess to the filtrate and heat to 
remove all the carbon dioxide. Add 1 g more of hydroxylamine hydro- 
chloride and a slight excess of ammonium hydroxide after the solution 
has cooled. This causes the precipitation of the remainder of the 
beryllium as Be(OH) 2 . Filter and wash with 2 per cent ammonium 
nitrate solution containing a little hydroxylamine hydrochloride. Ig- 
nite the two precipitates in a crucible, finally heating over the blast or 
Meker burner, and weigh as BeO. 

To determine uraniumy make the filtrate from the last precipitation 
acid with hydrochloric acid and to the cold solution add small portions 
of alkali bromate (keeping the beaker covered with a watch glass to 
prevent loss by spattering) until the solution shows the color of dissolved 
bromine. In this way the hydroxylamine is oxidized. Heat the solu- 
tion to boiling and precipitate ammonium uranate from the hot solution 
by adding a slight excess of ammonium hydroxide. Wash with 2 per 
cent ammonium nitrate solution containing a little ammonia but no 
hydroxylamine hydrochloride. Ignite and weigh as XJgOs. 

Separation of Uranium from Iron and Aluminum 

Treat the slightly acid solution, containing considerable quantities of 
ammonium salts, with an excess of ammonium carbonate and then with 
ammonium sulfide, allow to stand for some time in a closed flask, 
finally filter and wash with water containing ammonium sulfide. 

The precipitate contains the iron as sulfide and the aluminum as 
hydroxide; in the filtrate is found all the uranium as (NH 4 ).iU 02 (CX);{) 3 . 
Dissolve the precipitate in hydrochloric acid. Expel hydrogen sulfide 
by gently boiling, oxidize the ferrous salt to ferric salt by the addition 
of nitric acid, and determine the iron and aluminum by one of the 
methods described on pp. 113-118. 

Evaporate the filtrate containing the uranium almost to dryness, 
make acid with hydrochloric acid, boil, and precipitate the uranium 
as ammonium uranate by the addition of ammonia. Filter off the 
precipitate, wash with 2 per cent ammonium nitrate solution to which a 
little ammonia has been added, dry, ignite, and weigh as UaOs. 
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The result obtained may be verified by heating the residue repeatedly 
in a current of hydrogen in a Rose crucible (see Copper Determination) 
until a constant weight is obtained; weighing as UO 2 . The purity of 
the precipitate may also be tested volumetrically (see Volumetric An- 
alysis). 


Separation of Beryllium from Aluminum 

Beryllium, although a bivalent metal of Group II in the periodic classification, 
resembles aluminum in its reactions. Ordinarily it is determined as BeO after 
precipitation with NH 4 OH. Because of the colloidal nature of the precipitate, the 
results are likely to be a little high. Moser* recommends the first two of the follow- 
ing methods of precipitating Be(OH) 2 . 

(а) To the slightly acid solution containing about 0.1 g of BeO in 100 ml, add 
sodium carbonate till a slight turbidity results, dissolve this in hydrochloric acid, 
heat to 70*^ and, while passing a current of air through the solution, add 50 ml of 
6 per cent ammonium nitrite and 20 ml of methyl alcohol. The current of air helps 
to remove nitrous fumes, and the alcohol serves to form nitrous ester. 

( б ) Dilute the solution containing about 0.1 g of BeO to 300-400 ml, add 20-30 g 
of ammonium nitrate, and heat to boiling. Add about 1.25 g of tannin and am- 
monium hydroxide, drop by drop, until no further precipitation takes place. If 
alkali cation is present, and no other cation is permissible, dissolve the precipitate 
in dilute hydrochloric acid and repeat the precipitation as before. 

(c) The following method for separating beryllium from aluminum depends 
on the fact that, by fusing a mixture of BeO and AI2O3 with sodium carbonate, 
the former oxide is unattacked and the latter is transformed into water-soluble 
sodium aluminate.f 

Procedure. — Fuse the oxides for 2 to 3 hours with 5 g of sodium 
carbonate at a temperature slightly above the melting point of the 
flux. Cool, digest the melt with 300 ml of water on the steam-bath, 
filter, and wash the undissolved residue thoroughly with hot water. 
Ignite strongly and weigh as BeO. In the filtrate determine the alumi- 
num by Blum’s method (p. 95). 

If the original oxides weighed only about 0.25 g, a single fusion usually suffices to 
accomplish a satisfactory separation; but if more is used it is advisable to fuse again 
with sodium carbonate and repeat the above treatment. 


* Moser and Singer, M<matsh., 48, 673 (1927). 
t Wunder and Wenger, Z. and. Chm., 61, 470 (1912). 
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B. DIVISION OF THE PROTOXIDES 

MANGANESE, NICKEL, COBALT, ZINC 
Manganese, Mn. At. Wt. 54.93 
Forms: MnS 04 , MnS, Mn 304 , Mn 2 P 207 
1. Determination as Manganous Sulfate, MnS 04 

This method, first proposed by Volhard,* gives accurate results pro- 
vided no other sulfate is present. Heating at 450-500® for an hourf is 
sufficient to remove all moisture and excess sulfuric acid. Long heat- 
ing (17 hours) at 580® causes slight darkening, but even then the results 
are accurate. 

Dissolve the oxide obtained by the ignition of the carbonate, sulfide, 
or of manganous manganite, in as little as possible of strong sulfuric 
acid, and some sulfurous acid if necessary to reduce Mn 304 , in a por- 
celain crucible. Evaporate as far as possible on the water-bath, re- 
move the excess acid by heating in an electric oven, gradually raise 
the temperature to 450° and keep it there for 30 minutes. The heating 
can take place in an air-bath (Fig. 14, p. 37). When the air-bath is 
used, finally cover both crucibles and heat over a good Bunsen burner 
for 10 minutes. 

(a) Precipitation of Manganese as Carbonate 

This method is suitable only for the determination of manganese in 
solutions of pure manganese salts containing nothing else except alkali 
and ammonium salts. 

According to H. Tamm,.t the precipitation is best accomplished by 
means of ammonium carbonate. For this purpose treat the neuixal 
solution (which may contain other ammonium salts) with a slight excess 
of ammonium carbonate, heat gently, and allow the beaker containing 
the solution to remain in a lukewarm water-bath until the precipitate 
has settled and the upper liquid has become clear. 

Filter ofi the precipitate, wash with hot water, dry, ignite, and weigh 
either as sulfate according to 1 or as Mn^O^ according to 3. 

Ann. Chem. Pharm. 198, 328 (1879). Cf. Marignao, /InA. .s-a. nat. [3], 
10, 25 (1883); Meineke, Chem. Ztg., 9, 1478, 1787 (1885); Friedheim, anal. Chcni., 
38, 687 (1899); Gooch and Austin, Am. J. Sci., 6, 209; Blum, ,/. Am. Chem., Hoc., 
34, 1382 (1912). 

t Blum recommends a longer period of heating but in his experiments he was 
working with 2.4 g of manganous sulfate and considered the weight (jonstant only 
when the variation was less than 0.3 mg after heating for protracited periods. 

t Chem. News, 26, 37 (1872), and Z. anal. Chem., 11, 425 (1872). 
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Remark. — If either sodium or potassium carbonate is used to precipitate the 
manganese, the precipitate will always contain alkali carbonate that cannot be 
removed by washing. After the precipitate has been ignited, however, the alkali 
carbonate can be easily extracted by water. Furthermore, the precipitation is not 
quite quantitative; the filtrate always contains small amounts of manganese. In 
order to remove this, it is necessary to evaporate the aqueous solution to dryness, 
whereby the manganous carbonate is completely hydrolyzed into carbonic acid and 
manganous hydroxide, and the latter in contact with the air changes to brown man- 
ganic oxide, MnoOs. Treat the residue obtained after the evaporation with water, 
filter off the small amount of brown manganese compound, ignite, and add to the 
main part of the precipitate. 

(6) Precipitation of Manganese as Sulfide 

This method is employed when it is necessary to separate man- 
ganese from calcium, strontium, barium, and magnesium. Two cases 
will be discussed: 

(a) The solution contains, besides manganese, considerable alkaline 
earths or magnesium. (/3) The solution contains only small quantities 
of the alkaline earths or magnesium. 

(a) The manganese sulfide must be precipitated in the cold in the 
presence of considerable ammonium salts. To the solution in an 
Erlenmeyer flask containing not more than 0.3 g of manganese in a 
volume of 200 ml, add 2 g of ammonium chloride or nitrate. If the 
solution reacts acid, add ammonia until it is slightly alkaline, and then 
a slight excess of freshly prepared, colorless ammonium sulfide solution. 
Fill the flask nearly full with cold distilled water that has been boiled, 
stopper, and allow to stand 24 hours, or longer. Then carefully decant 
off the clear supernatant liquid through a filter,'^' taking pains not 
to disturb the precipitate and to keep the filter filled with liquid all 
the time. If the precipitate is at all bulky, wash it three times by 
decantation with a 2 per cent solution of ammonium nitrate to which 
has been added 1 per cent by volume of ammonium sulfide solution. 
Transfer the precipitate to the filter and wash with dilute ammonium 
sulfide water until 20 drops of the filtrate evaporated to dryness on a 
crucible-cover leave no residue. Now, for the first time, allow the 
filter to drain completely, f Dry, transfer as much of the precipitate as 
possible to a small porcelain crucible, burn the filter paper in a platinum 
spiral, and add the ash to the main portion of the precipitate in the 
crucible. Heat the uncovered crucible over a small flame until the 

* Schleicher & SchulFs filter-paper No. 590 can be used to advantage. 

t It is often necessary to remove alkaline earth carbonate or magnesium hydroxide. 
To accomplish this, dissolve the precipitate in hot 2 N hydrochloric acid, evaporate 
to remove CO 2 , and repeat the precipitation with ammonium sulfide. 
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greater part of the sulfur has been burned off. Treat with concen- 
trated sulfuric acid and determine the manganese as sulfate, or ignite 
more strongly, finally heat over the Teclu or Meker burner, and weigh 
as Mns 04 (cf. p. 138). Manganous sulfide is readily changed to Mn304 
if the amount of sulfide is comparatively small. If more than 0.2 g 
is present there is danger of getting too high a result on account of 
some manganous sulfate not being decomposed. In this case, it is 
better to proceed as follows: Dissolve the washed precipitate of man- 
ganous sulfide in dilute hydrochloric acid, evaporate the solution to 
dryness to remove all hydrogen sulfide, dissolve the residue in a little 
water, transfer the solution to a weighed crucible, and determine as 
sulfate. Manganous sulfide can also be weighed as such. (See p. 137.) 

(jS) If only small amounts of alkaline earths are present, the following 
procedure can be used: heat the neutral solution to boiling, add an 
excess of ammonia and some ammonium sulfide, and continue boiling 
until the manganous sulfide has become a dirty green. Allow the 
precipitate to settle, filter, and wash with water containing a little 
ammonium sulfide. From this point the procedure is the same as 
described under (a). 


(c) Separation of Manganese as Manganese Dioxide 

If a dilute solution of a manganous salt is treated with bromine 
water and boiled, the reaction 

MnCb + Br 2 + 2 HsO MnOs + 2 HCl + 2 HBr 

does not take place unless the halogen acids are neutralized as fast as 
they are formed. This neutralization can be accomplished by means of 
the salt of a weak acid, such as sodium acetate, even when the solution 
contains free acetic acid, which is very slightly ionized in the presence 
of its alkali salt. Thus in a solution such as is obtained after the re- 
moval of iron and aluminum by a basic acetate separation (cf. p. 158), 
the manganese can be precipitated quantitatively by boiling with an 
excess of bromine water. The oxide does not correspond exactly to 
Mn 02 , although most of the manganese is in the quadrivalent con- 
dition.* When the precipitate has collected in large flocks, discontinue 
the boiling and allow the precipitate to settle; filter, and wash with 
hot water. Some chemists ignite this precipitate and weigh as Mn ;{04 
but it is more accurate to dissolve the precipitate in a mixture of HCl 

* The Mn02 acts as the anhydride of metamanganous acid, HaMnOa, and some 
manganous manganite, MnMnOa or MnzOa, is contained in the precipitate. 
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and H 2 SO 3 and to precipitate the manganese finally as manganese am- 
monium phosphate. (See 4, p. 138.) 

Chlorine, hydrogen peroxide, hypochlorites, etc., may be used in- 
stead of bromine, but these reagents have no especial advantages. 

If the solution of the manganous salt also contains ammonium salts the precipita- 
tion of the manganese does not take place by the above procedure, because the 
sodium acetate serves rather to neutralize the acid set free by the following reaction: 

2 NH4CI + 3 Br 2 - N 2 + 2 HCl -j- 6 HBr 

Upon the addition of ammonia, however, the precipitation of the manganese can be 
effected. In this case, it seems fair to assume that the reaction goes through the 
following stages: 

MnCh + 2 NH4OH Mn(OH)2 + 2 NH4CI 
Mn(OH}2 + Bra + 2 NH4OH = MnO(OH)2 -f 2 NH4Br -f H2O 

The precipitation with bromine and ammonia is not so satisfactory as with bromine 
alone because when ammonia or ammonium salt is present much of the bromine is 
used up in oxidizing them. In that case there is considerable evolution of nitrogen, 
and, moreover, when an excess of bromine is added the solution may become acid 
enough to dissolve the precipitated manganese. 

2 NHs + 3 Br 2 = 6 HBr + N2 

It is necessary, therefore, when ammonium salts are present to make sure that the 
solution is ammoniacal at the end of the operation. 

This method of precipitating manganese from solutions possesses disadvantages 
which make it useless in many cases. If, besides manganese, the solution contains 
calcium, zinc, etc., manganites of these metals are precipitated with the manganese. 
In this case the precipitate must be dissolved in hydrochloric acid and the precipi- 
tation repeated several times, but even then it is not possible to obtain a precipitate 
altogether free from these metals. If the other metals are present only in small 
amounts, the results obtained by this method are sufficiently accurate. The pre- 
cipitation of manganese as sulfide in the presence of other metals is always satisfactory 
and should be used almost invariably. 

2. Determination of Manganese as Sulfide 

If the manganese has been precipitated, as described on p. 135, as 
sulfide, separate the precipitate from the filter as completely as possible, 
place in a Rose crucible (of unglazed porcelain), burn the filter in a 
platinum spiral, and add the ash to the main portion of the precipitate. 
Add some pure sulfur which has been crystallized from CS 2 and heat 
the crucible and its contents in a current of hydrogen. After the excess 
of sulfur has distilled off and burned, cool the crucible in the stream of 
hydrogen and weigh the precipitate as MnS. 
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3. Determination of Manganese as 

Inasmuch as all the oxides of manganese, as well as those compounds 
which are converted into oxide on ignition (manganous salts of volatile 
organic and inorganic acids, with the exception of the halogen salts), 
are converted into Mn304* * * § on being ignited in the air, at temperatures 
between 940° and 1100°, it follows that this method for the determina- 
tion of manganese is quite generally applicable. It is nearly as accurate 
as the methods described under 1 and 2, if the ignition of the precipi- 
tate takes place in an electric furnace at about 1000°, and very good 
results are obtained if, as recommended by Gooch, f the porcelain cru- 
cible (containing the carbonate, manganous manganite, or sulfide) is 
entirely surrounded by the oxidation flame of a Teclu burner, whereby 
a moderately high heat is obtained without too much free access of air. 

After the ignition, cool the crucible and its contents in a desiccator 
and weigh the Mn304. 

4. Determination of Manganese as Pyrophosphate, Mn 2 P 207 

This excellent method was recommended by W. Gibbs J and sub- 
sequently studied by Gooch and Austin.§ 

To the slightly acid solution, containing manganese equivalent to not 
more than 0.5 g Mn2P207 in 250 ml, and no other metals except alkalies, 
add 20 g ammonium chloride, 5 to 10 ml of a cold, saturated solution 
of disodium phosphate (about 10 per cent), and ammonia, drop by 
drop, until a slight excess is present. Heat the solution to boiling and 
keep at this temperature for 3 or 4 minutes, or until the precipitate 
assumes a silky, crystalline appearance. After cooling, filter the pre- 
cipitate into a Gooch or Munroe crucible, wash with cold ammonium 
nitrate solution, dry, ignite within a larger crucible or in an electric 
furnace. Cool in a desiccator and weigh as Mn2P207. 

Manganese can be determined very accurately by volumetric methods 
(see Volumetric Analysis). 

5. Colorimetric Determination of Manganese 

Small amounts of manganese can be determined accurately and 
quickly by the colorimetric method, but if more than 1.5 per cent of man- 
ganese is present the results are unreliable. The method depends 

* Cf. R. J. Meyer and K. Retgers, Z. anorg. Chem., 67, 104 (1908). At 530° the 
oxides of manganese are slowly but quantitatively changed into Mn^O 

t Z. anorg, Chem,, 17, 268 (1898). 

t Am. J. Science, 46, 216; Z. anal Chem., 7, 101 (1868); 

§ Z. anorg. Chem,, 18, 339 (1898). 
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upon the oxidation of the manganese to permanganic acid, bringing 
the solution to a definite volume and comparing its color with another 
solution containing a known amount of manganese. If the solutions 
are colored exactly the same shade, then the amounts of manganese 
which they contain are the same. As oxidant, ammonium persulfate 
can be used. In hot nitric acid solutions containing silver cations, the 
following reaction takes place: 

2 Mn-H- + 5 SsOs"" + 8 HsO 2 Mn04' + 10 S 04 “" + 16 H+ 

To illustrate the method, the procedure recommended by the American Society 
of Testing Materials for the routine analysis of steel will be described. The method 
is not as reliable as the bismuthate method (see Part II). A similar procedure can 
be applied to the estimation of small quantities of manganese in rocks, after a solu- 
tion containing all the manganese is obtained by suitable methods.* 

Procedure. — Dissolve 0.1 to 0.3 g of steel in 15 ml of 25 per cent 
nitric acid in a small Erlenmeyer flask. Boil gently till a clear solution 
is obtained. Add 15 ml of 0.08 A' silver nitrate solution, and 1 g of 
ammonium persulfate. Continue heating 30 seconds after the oxi- 
dation begins and bubbles of oxygen arise freely. Cool and compare 
the color of the solution with that obtained with a standard steel sim- 
ilarly treated, diluting until the colors match. 

Nickel, Ni. At. wt. 58.69 

Forms: Nickel Dimethylglyoxime, NiC 8 Hi 4 N 40 4 ; Nickel, Ni; and 
Nickel Oxide, NiO 

1. Determination as Nickel Glyoxime 

Dimethylglyoxime, CHa-CNOHDNOH-CHs, was recommended by L. Tschu- 
gaefff a reagent for nickel and used by K. KrautJ for detecting the presence of 
traces of nickel in ashes. O. Brunck§ and others have also studied the reaction and 
found it to furnish a most rapid and accurate method for the quantitative estimation 
of nickel either by itself or in the presence of cobalt, zinc, and manganese. If the 
solution contains tartaric acid enough to prevent the precipitation of iron by am- 
monia, the nickel in a sample of nickel steel can be determined accurately within 
2 hours and without the removal of any other metal. 

When a dilute, neutral solution of a nickel salt is treated with an alcoholic solution 
of dimethylglyoxime, a red, crystalline precipitate of nickel dimethylglyoxime is 
formed. 

NiCh + 2 (CH3)2C2(N0H)2 = [CCH3)2C2NOH-NO]2Ni + 2 HCl 

Dimethylglyoxime Nickel dimethylglyoxime 

* H. Liihrig, Chem. Ztg., 1914 , 781, has described a method for the determination 
of small quantities of manganese in water. 

t Z. anorg. Chem., 46, 144 (1905); Ber., 38, 2520 (1905). 

t Z. angew. Chem., 19 , 1793 (1906); ibid., 20 , 1844 (1907), 

§ Ibid., 20, 834 (1907), Stahl und Eisen, 28, 331. 
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The salt is soluble in mineral acids so that precipitation is incomplete because of 
the acid set free in the reaction. It becomes quantitative, however, if the mineral 
acid is neutralised by ammonia or if sodium acetate is added, whereby the mineral 
acid is replaced by acetic acid in which the precipitate is practically insoluble. Large 
quantities of ammonium salts or of alkali acetate do no harm, but an excess of am- 
monia tends to retard the formation of the precipitate. The precipitate is dis- 
tinctly soluble in absolute alcohol, but only traces dissolve in 50 per cent alcohol, 
and in more dilute alcohol it is even less soluble. When thrown down in the cold 
or in the presence of much free ammonia the precipitate is very voluminous and hard 
to filter. 

Procedure, — Dilute the neutral or slightly acid* solution so that not 
more than 0.1 g of nickel is present in 200 ml, heat nearly to boiling 
and treat with a slight excess of an alcoholic 1 per cent solution of di~ 
methylglyoxime, t Carefully add ammonia until the solution smells 
slightly of it. Allow to stand an hour if convenient, filter, while still 
hot, into a Gooch or Munroe crucible, wash with hot water, and dry at 
110° to 120° for 45 minutes. The precipitate contains 20.31 per cent Ni. 

The nickel salt of dimethylglyoxime is red and crystalline. It con- 
tains no water of crystallization and sublimes at 250° without decom- 
position. 

2. Determination of Nickel as Metal by Electrolysis 

From strongly acid solutions nickel is not deposited upon stationary 
electrodes by a current of 1-3 amperes per square decimeter of electrode 
surface. From slightly acid solutions the deposition is not quantitative. 

From ammoniacal solutions nickel is easily deposited quantitatively. 

(a) Method of Gibbs J 

Nickel sulfate or chloride (but not the nitrate) is dissolved in an 
ammoniacal solution of ammonium sulfate and electrolyzed. 

The nickel is deposited upon a weighed cathode, and, at the end of 
the electrolysis, the gain in weight represents the quantity of nickel. 

A suitable decomposition cell consists of a glass beaker in which is placed as 
cathode a wire gauze electrode (first recommended by Cl. Winkler) and as anode a 
platinum spiral. The electrodes must always reach to the bottom of the beaker, 
and the top of the gauze electrode should be nearly covered by solution. In some 

* If strongly acid, neutralize the solution with sodium hydroxide. 

t The volume of the alcoholic solution should not be more than half that of the 
nickel solution, as the precipitate is appreciably soluble in alcohol. About 0.4 g of 
the glyoxime should be used for each 0.1 g of nickel. 

t Z. anal Chem,, 3 , 334 (1864), Cf. Fresenius and Bergmann, Z. anal Chem,, 
19 , 320 (1880). 
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cases it is desirable to use a platinum dish as cathode, as recommended by Classen. 
(See Fig. 42, p. 188.) 

The electrodes are usually connected with two electrode stands on which metal 
arms are attached to an upright glass rod (Fig. 36). To prevent serious loss of 
electrolide by spattering, cover the beaker 
with two halves of a watch glass. This is 
not entirely satisfactory, as when much gas 
is evolved a little of the liquid is still carried 
off mechanically. This method of fastening 
the electrodes, moreover, has the disadvan- 
tage that when the electrolysis is carried out 
in a hot solution, acid or ammoniacal va- 
pors, as the case may be, condense on the 
brass arms of the electrode support; some 
of the hquids thus condensed dissolve brass 
and the resulting solution may drop into the 
beaker, and spoil the analysis. To prevent 
this, it is better to bend the ends of the 
electrodes to a right angle and connect with 
an electrode stand designed as shown in 
Fig. 37. 

This electrode holder consists of two brass 
rods insulated from one another by means 
of an intervening layer of mica, and the rods 
are fastened to the ring r through a piece of 
ebonite, e. The openings to hold the wires 

are cut wedge-shaped, so that any shape of Fig. 36. 

wire can be inserted. 



Fig. 37. 


Since the ends of the electrodes leave the beaker in a horizontal direction, the 
beaker can be covered tightjy by means of a whole watch glass, and not only are 
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losses by spattering avoided, but there is absolutely no danger of contamination 
from the outside. 

Originally all electrolytic determinations were made with stationary electrodes and 
a weak current was passed through the solution for a long time. If too strong a 
current was used, very often the deposits were spongy and did not adhere well to 
the electrodes. This was due to the fact that hydrogen gas began to form at the 
cathode before the deposition of the metal was anywhere nearly complete. It 



Fig. 38. 


was found, however, that, by stirring the electrolyte so that the ions of the metal 
were kept constantly in contact with the cathode without waiting for their trans- 
ference through the solution as a result of electric attnuition, the (mrrent mnld be 
increased considerably and the time required shortened correspondingly. Thus by 
working in a concentrated solution and with a stirred electrolyte it is possible to 
deposit all the copper from a solution in a few minutes, whereas formerly about 20 
hours would have been recommended. The Braun electrolytic apparatus (Fig. 38) 
has been found very satisfactory for such work with stirred electrolytes.* 


' Made by the Braun Corporation of Los Angeles, California. 
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The Electrolysis of Ammoniacal Nickel Solution 

For every 0.25-0.30 g nickel, present as sulfate or chloride but 
not as nitrate,* add 5-10 g of ammonium sulfate and 30-40 ml of 
concentrated ammonia; dilute the solution with distilled water to a 
volume of 150 ml. Electrolyze this solution at the room temperature 
with a current of 0.5-1. 5 amperes and a potential difference between the 
electrodes of 2.8-3. 3 volts. The electrolysis is finished in about 2 hours, 
as can be shown by adding a little water and allowing the current to 
pass through the solution for 15 or 20 minutes longer. If at the end of 
this time no nickel has deposited upon the electrode surface which was 
wet for the first time by the last dilution, the determination is finished. 
If the solution is kept at a temperature of 50°-60° C, only about 1 hour 
is necessary for the deposition, and the deposit adheres better to the 
electrode and is bright, possessing almost the color of platinum. 

As soon as the electrolysis is finished, remove the watch glass, raise 
the electrode holder so that only the bottoms of the electrodes remain 
in the liquid, and wash the upper parts of the electrodes thoroughly 
with water from a wash-bottle. Then raise the electrodes entirely out 
of the solution and wash the bottoms immediately with water. Turn 
off the current, rinse the cathode with alcohol, and dry by holding it 
high above a gas flame, cool in a desiccator and weigh. 

To clean the cathode, place it in a small beaker, add enough QN 
nitric acid to wet all the nickel, and heat for at least 15 minutes. This 
treatment is absolutely necessary to remove the last traces of nickel. 
If this is not done, the electrode on being ignited becomes discolored, 
and it is then very difficult to clean the electrode by repeated treat- 
ment with acid followed by ignition. The addition of a little copper 
salt to the nitric acid helps to dissolve the nickel deposit. To make 
sure that all the nickel has been deposited from the electrolyzed solu- 
tion, nearly neutralize the ammonia with hydrochloric acid and add 
a few cubic centimeters of a 1 per cent solution of dimethylglyoxime 
in alcohol. When less than a tenth of a milligram of nickel is present, 
it will take several minutes for a yellow coloration to appear, and soon 
afterward the red crystals of nickel salt will be precipitated. 

The nickel not deposited by an electrolysis may be estimated ac- 
curately by shaking the solution thoroughly and comparing the color 
produced by the addition of dimethylglyoxime with that produced with 
a dilute nickel solution containing a known quantity of nickel. Nat- 

* It is possible to electrolyze ammoniacal nickel nitrate solutions but the elec- 
trolysis requires so much more time, due to the electrolytic reduction of nitrate, 
that it is better to remove nitric acid by evaporating the solution with sulfuric acid. 
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urally such a colorimetric test can be used only with very small quan- 
tities of nickel. 

Remark. — The electrolysis of nickel from an ammoniacal solution should not be 
continued for too long a time, because the cathode slowly gains in weight even after 
all the nickel has been deposited from the solution. The anode is attacked, caus- 
ing platinum to go into solution, which is deposited upon the cathode, partially, at 
least. 

The presence of too little ammonia often results in the formation of black Ni(OH )3 
at the anode; the analysis then comes out too low. Copper, cobalt, and zinc will 
be deposited under the above conditions. 

3. Determination as Nickelous Oxide 

Heat the nickel solution in a porcelain dish with bromine water and 
an excess of pure potassium hydroxide; the nickel is precipitated as 
brownish black nickelic hydroxide, Ni(OH) 3 . Filter off the precipitate, 
wash by decantation with hot water, dry, and, after burning the filter, 
ignite and weigh as NiO. The grayish green oxide thus obtained always 
contains small quantities of silicic acid and alkali,* whereby the results 
are too high. By treating the ignited mass with hot water, the greater 
part of the alkali can be removed. Drying and again igniting gives the 
weight of NiO + Si02. Treat the oxide in a porcelain crucible with 
hydrochloric acid, evaporate to dryness, moisten the dry residue with 
concentrated hydrochloric acid and then with hot water, filter through 
a small filter, wash with hot water, and ignite the filter together with 
the residue in a platinum crucible. The weight of this silica, Si02, sub- 
tracted from the former weight of NiO + Si02, gives good results. 

Remark. — It is possible to precipitate nickel quantitatively as Ni(OH )2 by means 
of caustic potash alone and the precipitate can be changed to NiO ])y ignition. 
This method is open to the same objections as the above and, furthermore, Ni (011)2 
it is not so easily filtered and washed as Ni (011)3. 

These two methods are more tedious to carry out and the results arc not as a(5- 
curate as those of the first two methods described and will probably not be used 
much in the future. 

Besides the methods described, it has been proposed to precipitate nickel as the 
sulfide, and weigh it as the oxide by ignition in air.f The method is good but hardly 
comparable with the dimethylglyoxime method, the electrolytic method, or the 
volumetric titration with potassium cyanide. 

* Cf. A. Windelschmidt, Dissertation^ Munster, 1907, and W. D. Treadwell, Dis- 
sertation, Zurich, 1909. 

f H. Cormimboef, Ann. chim. 11, 6 (1906). Cf. A. Windelschmidt, he. cit 
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Cobalt, Co. At. Wt. 58.94 
Foms: Co, C 0 SO 4 , Co(CioH60N02)3 
1. Determination as Metal 
(a) By Electrolysis 

The most accurate method for the estimation of cobalt is by elec- 
trolysis, and the details of the process are precisely the same as have 
been given under Nickel, ^.e., from a strongly ammoniacal solution con- 
taining ammonium salts and the sulfate or chloride (preferably the 
former) of cobalt. It is customary to use a little more ammonia than 
in the determination of nickel, because cobalt has a greater tendency to 
deposit as black Co (OH) 3 at the anode. The duration of the electroly- 
sis is the same as with nickel, rather than somew^hat longer. At the 
end of the determination, after the electrodes have been removed, test 
the entire solution for cobalt by adding ammonium sulfide or potassium 
thiocarbonate. 

(h) By Reduction of the Oxide in a Stream of Hydrogen 

Heat the cobalt solution to boiling in a porcelain evaporating-dish, 
and precipitate the cobalt as black cobaltic hydroxide by the addition 
of caustic potash and bromine water. Filter off the precipitate,* dry, 
and ignite. Then cool and treat the oxides with water to remove the 
small quantity of alkali which is always present. Filter, ignite in a 
stream of hydrogen, and weigh as metal. After weighing, dissolve the 
metal in hydrochloric acid, evaporate the solution to dryness, moisten 
the dry mass with hydrochloric acid, treat with water, and filter off the 
small residue of silicic acid. Ignite this residue and subtract its weight 
from that obtained after the ignition in hydrogen. Cobalt may also 
be precipitated as cobaltous hydroxide by caustic potash alone, but the 
resulting precipitate is not so easy to filter and wash as the cobaltic 
hydroxide. Precipitation by means of sodium carbonate is not so 
satisfactory. 

The oxides of cobalt when ignited in air yield a mixture of CoO 
and C03O4 in varying proportions, so that they are not suited for the 
quantitative determination of cobalt. 

Remark. — The results obtained by this method are usually a little higher than 
by electrolysis. 

* Cobaltic hydroxide, unlike nickelic hydroxide, has the tendency of giving a 
turbid filtrate on washing. If, however, Schleicher & SchulFs filter-paper No, 589 
(blue band) is used, none oTthe precipitate passes through. 
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2. Determination as Sulfate 

The method is the same as was described under Manganese (p. 134). 

3, Determination with oi-Nitro-iS-naphthol, CioH6(N02)OH 

a-Nitroso-/3-naphthol, CioH6(NO)OH, was shown in Vol. I to be a sensitive reagent 
for detecting small quantities of cobalt, and a procedure was given there for deter- 
mining cobalt in the presence of nickel. The nitroso-]8-naphthol method for sepa- 
rating cobalt and nickel is comparable with the potassium nitrite method which will 
be described later. The reagent, however, is not very stable and must be prepared 
freshly. Herfeld and Gerngross^'' and also C. Mayrf have shown that the correspond- 
ing nitro compound can be made easily from nitroso naphthol and is even more suit- 
able for precipitating cobalt in the presence of nickel. The reagent is more stable 
and can be kept for a month or more; the precipitate of Co(CioH 60 N 02)3 can be 
dried at 130° to constant weight with 9.463 per cent cobalt. 

Reagent — Dissolve 2 g of the solid in 100 ml of cold, glacial acetic 
acid. Add to the solution 100 ml of water, and filter. 

Procedure, — To the slightly acid solution containing 1 to 30 mg of 
Co in a volume of 10 to 20 ml, add 10 drops of perhydrol (30 per cent 
H 2 O 2 ) and enough NaOH solution to cause the formation of a slight 
precipitate of Co (OH) 3. Dissolve this precipitate in 10 ml of glacial 
acetic acid, dilute with hot water to 150 ml, and add 1.5 times the 
theoretically necessary quantity of the reagent. After a little while, 
filter off the precipitate into a filtering-crucible, wash thre^e times with 
30 per cent acetic acid and then with hot water, dry 45 minutes at 
130®, and weigh. 

This procedure serves to separate col^alt from nicikel, Jsinc, aluminum, and cdiro- 
mium. In some cases a little more aend is advisable and when manganese is present, 
it may be necessary to add more H 2 O 2 to dissolve the precipitate produced by so- 
dium hydroxide. 


ZINC, Zn. At. Wt. 65.38 

Forms; ZnNH 4 p 04 , Zn 2 P 207 , ZnO, ZnS, Zn 

1. Determination as Zinc Ammonium Phosphate or Zinc Pyrophosphate 

This excellent method, first recommended by IT. Tamm,:|; has l)cen studied and 
improved by G. Losekann and T. Meyer, § M. Austin, || and especially 11. D. Dakin.U 

* Z, anal Chem., 94, 8 (1933). 
t lUd., 98, 402 (1934). 
t Chem. NewSy 24, 148. 

§ Chem. Ztg., 1886, 729. 

II Am. J. Sci.y 1899; Z. anorg. Chem., 22, 212 (1900). 

1[ Z. anal Chem.y 39, 273 (1900). 
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Procedure. — To the coldy acid solution of the zinc salt add ammonium 
hydroxide until the solution is barely acid to methyl orange. Care is 
necessary at this point, as zinc ammonium phosphate is soluble both in 
acids and ammonia. Dilute with water to a volume of 150 ml, and 
heat on the water-bath. To the hot solution, add 10 times as much 
ammonium phosphate as there is zinc present. (If the diammonium 
phosphate contains monammonium phosphate, the salt should be 
dissolved in cold water and dilute ammonia added untU the solution 
just becomes pink with phenolphthalein.) The precipitate that first 
forms is amorphous but it soon changes into fine crystals of zinc am- 
monium phosphate. The transformation takes place more rapidly in 
proportion to the quantity of ammonium salts present. After the 
heating has continued for about 15 minutes, remove the dish from the 
water-bath, and after the precipitate has settled for a short time filter 
ofi the precipitate into a Gooch or Munroe crucible, wash with hot, 
1 per cent ammonium phosphate solution until free from chloride etc., 
then twice with cold water, and finally with 50 per cent alcohol. Dry 
at 100-135° for an hour and weigh as ZnNH4P04, which contains 36.64 
per cent Zn. The precipitate can be washed and dried with alcohol and 
ether if desired (cf. p. 81). 

Or the precipitate may be weighed as the pyrophosphate, Zn2P207, 
in which case it is desirable to heat the dried zinc ammonium phosphate 
very slowly in an electric oven to 900-1000°. If such an oven is not 
at hand place the Gooch or Munroe crucible in a larger crucible and 
heat over the gas flame. Gradually raise the temperature until finally 
the full heat of the Teclu or Meker burner is reached. Heat to constant 
weight. Zn2P207 contains 42.90 per cent Zn. 

Test the filtrate from the ZnNH4P04 precipitate with ammonia and 
ammonium sulfide. If a small precipitate of white zinc sulfide is formed, 
filter it off, using a paper filter, ignite in a porcelain crucible, and weigh 
as ZnO. No sulfide precipitate will be formed if the above conditions 
were followed carefully. 

The determination as pyrophosphate is to be recommended when 
the zinc solution contains a very large quantity of ammonium salts 
because long washing is required to remove them and this renders the 
results a little low. When the precipitate is weighed as pyrophosphate, 
the ammonium salts are volatilized and it is not necessary to remove 
them by washing. 

Remark. — In some cases, as when magnesium or aluminum is present, the pro- 
cedure of K. Voigt is followed. To the solution of the zinc salt, containing am- 
monium salts as well, add an excess of ammonia and the required volume of am- 
monium phosphate solution. After standing some time, filter off the precipitated 
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magnesium ammonium phosphate and aluminum phosphate; the zinc ammonium 
phosphate is soluble in ammonia. Heat the filtrate on the water-bath until all the 
free ammonia has been expelled, whereby zinc ammonium phosphate separates 
quantitatively in the form of the crystalline precipitate. Treat this precipitate as 
described above. If some of the precipitate should adhere firmly to the sides of the 
dish, it may be dissolved in a few drops of hydrochloric acid, the solution immedi- 
ately neutralized with ammonia, and heated a few minutes on the water-bath before 
filtering. 


2. Determination as Zinc Oxide 

The carbonate, nitrate, acetate, and oxalate of zinc are readily and 
quantitatively changed to zinc oxide by ignition in the air; in the case 
of the sulfate, when present in relatively large amounts, the transfor- 
mation into oxide is difficult. Small amounts of the sulfate may be 
changed to oxide by igniting over the blast lamp. It is advisable, 
however, if the zinc is present as sulfate, to precipitate it from the 
aqueous solution as sulfide and weigh it as such according to 3 ; or to 
dissolve the sulfide on the filter in dilute hydrochloric acid, receiving the 
solution in a weighed platinum dish, evaporate to dryness on the 
water-bath, and change to oxide by the method of Volhard as described 
below, and weigh as such. 

The chloride is readily changed to oxide, according to Volhard, by 
gentle ignition with pure mercuric oxide. The method is as follows: 
Treat the neutral solution of the chloride, contained in a platinum dish, 
with a large excess of pure yellow mercuric oxide,* suspended in water, 
and evaporate to dryness on the water-bath; mercuric chloride and 
zinc oxide are formed 

ZnCb + HgO = ZnO + HgCb 

both of which are white substances. Enough mercuric oxide should 
be used so that the residue obtained after the evaporation is noticeably 
yellow. 

Ignite the dry mass under a hood with a good draft (on account of 
the poisonous mercury vapors), at first gently and finally strongly, 
and weigh the residue of zinc oxide; both mercuric chloride and oxide 
are volatile. The results are excellent. 

If the solution contains, besides zinc, also alkalies, the zinc can be 
precipitated as basic carbonate and changed to oxide upon ignition. 

* The mercuric oxide is prepared by precipitating a solution of mercurfii dfioride 
with pure caustic potash. Allow the precipitate to settle, wash by decantation with 
water until free from chloride, and keep suspended in water in a bottle with a wide 
neck. A considerable amount of the mercuric oxide, say 5-10 g, should leave no 
weighable residue after ignition. 



DETERMINATION OF ZINC AS SULFIDE 


149 


The precipitation of the zinc carbonate should take place in a porcelain 
dish and the sodium carbonate solution should be added drop by drop 
to the cold; barely acid solution free from ammonium salts. Add the 
sodium carbonate solution until the zinc solution becomes turbid, then 
heat to boiling; the greater part of the zinc is precipitated as granular 
zinc carbonate. Add 2 drops of phenolphthalein indicator solution 
and enough sodium carbonate solution to impart a. distinct pink color. 
In this way a precipitate of zinc carbonate is obtained free from alkali, 
which is not the case if the hot solution is at once precipitated by the 
addition of an excess of sodium carbonate.* Filter the precipitate 
from the hot solution and wash with hot water until 20 drops of the 
filtrate leave no residue on evaporation. Dry the precipitate, transfer 
the greater part to a weighed porcelain crucible, burn the filter by itself 
in a platinum spiral, and add the ash to the main part of the precipitate 
in the crucible. Ignite at first gently and finally strongly, over a Teclu 
or Meker burner and weight after cooling in a desiccator. 

If the zinc solution contains ammonium salts, it is possible to remove 
them by boiling with an excess of sodium carbonate solution. 

3. Determination as Sulfide 

This determination is chosen when the zinc is present in a solution 
containing ammonium salts, or when it is necessary to separate zinc 
from alkaline earths, alkalies, or metals of this group. Zinc sulfide may 
be precipitated from ammoniacal solutions, or from solutions contain- 
ing free acetic, formic, citric, or thiocyanic acids in the presence of 
ammonium salts. 

(a) Precipitation of ZnS from Ammoniacal Solutions 

Place the slightly acid solution in an Erlenmeyer flask and treat with 
sodium carbonate solution until a permanent precipitate is obtained. 
Dissolve this by the addition of a few drops of ammonia, and then, for 
every 100 ml of the solution, add 5 g of ammonium acetate (or, better, 
ammonium thiocyanate), followed by a slight excess of freshly prepared 
ammonium sulfide. Nearly fill the flask with boiled water, stopper, 

* If considerable amounts of ammonium salts are present there may be no pre- 
cipitation. Sodium carbonate should then be added until the solution is slightly 
alkaline and the solution boiled until all the ammonia is expelled. 

t If the solution contains sulfate, the precipitate produced by sodium oarbonate 
always contains more or less basic zinc sulfate, which may easily lead to high re- 
sults. In the presence of sulfates, therefore, it is advisable to precipitate the zinc 
as sulfide and determine it as such according to 3. 
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and allow to stand 12 to 24 hours. Without disturbing the precipitate, 
pour the clear supernatant liquid through a Schleicher & Schtill’s filter 
No. 590. Cover the precipitate with a 5 per cent solution of ammonium 
acetate (or ammonium thiocyanate) containing 2 ml of ammonium 
sulfide solution. Shake, allow to settle, and pour the turbid solution 
through the filter, taking care to receive the filtrate in a fresh beaker; 
if it comes through turbid pour it through the filter again. Repeat 
the decantation three times, after which transfer the precipitate to 
the filter and wash completely with the above wash-liquid, taking pains 
to keep the filter full during the entire operation, finally washing with 
water containing ammonium sulfide only. Dry the precipitate, transfer 
as completely as possible to a weighed Rose crucible, burn the filter 
by itself, and add the ash to the main portion of the precipitate. Mix 
the precipitate with one-third as much pure sulfur, cover with a layer 
of sulfur and heat, as described under Manganese (p. 137), in a current 
of hydrogen. Finally allow the crucible to cool in the stream of hydro- 
gen and weigh the zinc sulfide. 

(6) Precipitation of ZnS from Acid Solutions 

To the solution, which has been nearly neutralized with ammonia, 
add ammonium chloride or sulfate as in the previous method and a 
little ammonium or sodium acetate; then saturate with hydrogen sul- 
fide. After the precipitate has settled completely, pour the supernatant 
solution through a filter, and wash the precipitate with 2 to 4 per cent 
acetic acid which has been saturated with hydrogen sulfide. When 
thoroughly washed, treat as described abovci. It is to 1)0 noted that the 
zinc sulfide shows less tendency to form colloidal solutions whcui it is 
thrown down from a slightly acid solution than when it is precipitated 
from alkaline solutions. 

The Use of Membrane Filters 

Zinc sulfide is characterized by the difficulty in filtering it from solu- 
tions in which it has been precipitated. Substances of this type tend 
to form colloidal solutions. According to Wolfgang Ostwald tluire is 
no sharp dividing line between a true solution and a colloidal solution 
on the one hand and between a colloidal solution and a suspemsion on 
the other. Arbitrary lines may be drawn on the bases of the average 
size of the particles. Individual particles cannot be seen under the 
microscope when the diameter of the particle is less than half a wave 
length of light. By working with ultra-violet light of short wave 
length, particles about one ten-thousandth of a millimeter, or 0.1 ju, 
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can be seen. This value Ostwald takes to define the boundary between 
coarse suspensions and colloidal solutions. The pores of a good hard- 
ened filter are about 1.0 fx in diameter: those of clay and porcelain filters 
are about 0. 2-0.4 ii. Colloidal solutions pass unchanged through paper 
filters and even through most of the very fine porcelain or clay filters. 
Suspensions do not as a rule pass through paper filters, after the pores 
have become clogged a little. 

Typical molecules have a diameter of one ten-millionth to one mil- 
lionth of a millimeter, Le., from 0.1 to 1.0 m^u. A large molecule like 
that of starch has a diameter of about 5 m^t. 

Substances mixed with water, therefore, may be said to be in a state 
of molecular dispersion, or in true solution, when the diameters of the 
individual particles are less than 1.0 mju and in colloidal solution when 
the diameters of the smallest particles lie between 1.0 m/x and 0.1 /x. 

Zsigmondy* and his co-workers have developed the so-called mem- 
hrane filters of which the pores are fine enough to separate the finer sus- 
pensions and the coarser colloids from the menstruum in which they 
are suspended. The filters themselves are prepared by dr 3 dng a mixture 
of colloids. They have somewhat the appearance of parchment or of 
white glove leather. They can be purchased f in several grades, 
according to the size of the pores, and will perfectly filter colloidal 
solutions which will pass unchanged through an ordinary filter. Mem- 
brane filters have been recommended 
especially for the filtering of zinc sulfide. 

These membrane filters can be used p 
with suction in a special filtering funnel 
such as that shown in Fig. 39. It con- 
sists of three parts: a funnel F, a per- 
forated filter plate and a rim R to 
prevent the liquid running over. It is 
well to have rubber rings as gaskets 
between the different parts. To pre- 
pare the filter, place the filter plate, P, 
on top of the funnel, and over the per- 39 , 

forations of the filter plate place a paper 

filter. If this paper is not used, only the parts of the membrane filter 
that lie directly over the holes in the filter plate are used in the filtra- 

* Zsigmondy and Bachmann, Z. anorg. Chem.j 103, 121 (1918); Zsigmondy and 
Jander, Z. anal. Chem., 68, 241 (1919). 

t Warmbrunn, Quilitz & Co., of Berlin, Germany, and E. de Haen of Seize near 
Hannover, Germany, were among the first to handle Zsigmondy's filters and filter- 
ing apparatus. 
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tion. On. top of P place a membrane filter and on this the rim, 
with rubber rings between each part. By means of three or four clamps 
fasten the parts in place lightly, apply suction until the membrane 
filter is drawn down onto the filter plate, and then tighten the clamps 
so that there is no chance for leakage. The whole apparatus is very 
similar to a porcelain Buchner funnel, except that the parts are separate. 

In using these filters the liquid should not be poured up to the top of 
the rim and the filter should not be allowed to drain dry and form cracks. 

Precipitates like silver chloride, which have to be heated and al- 
lowed to stand before filtering can be filtered immediately with a mem- 
brane filter. Precipitates of zinc sulfide which required 6 hours to 
filter and wash with a paper filter have been filtered and washed in 25 
minutes with a membrane filter. On the other hand, time is lost if the 
precipitate is coarsely crystalline and filters rapidly with paper. 

After filtering with a membrane filter it is usually possible to remove 
the precipitate completely and ignite it in a crucible by itself. The filter 
can be used for another filtration. Sometimes it is best to dry the 
precipitate before removing it and sometimes it can best be removed 
moist. 

4. Electrol 5 d:ic Determination of Zinc 

It is possible to deposit zinc electrolytically with a current of 0.2-'0.3 
ampere from a neutral solution to which sodium acetate and a few 
drops of acetic acid have been added. From the solution of potassium 
or sodium zincate, or from the complex alkali zinc cyanides, it is easier 
to deposit the zinc quantitatively. 

{a) Method of F. Spitzer* 

To the solution of zinc sulfate (chlorides and nitrates should be 
absent) add a drop of phenolphthalein and sodium hydroxide solution 
until a permanent coloration is obtained. Then add 20-25 ml of 4 JV 
sodium hydroxide solution, dilute to 150-200 ml, and (.‘J(.)ctr()lyze with 
a current of 0.8-1 ampere and 3-4 volts electrode potential using a 
platinum gauze cathode. At the end of 3 hours tlui electrolysis is 
finished, provided not more than 0.5 g of zinc was present. Without 
breaking the current, raise the electrodes nearly out of the bath, wash 
the upper portions quickly with water, then remove the electrodes 
entirely from the solution and rinse with water. Turn off the current, 
wash the cathode with alcohol, dry over a flame, cool in a desiccator, 
and weigh. Under these conditions, zinc forms a bluish gray deposit 


Z. Elektrochem., 11, 401 (1905). 
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that adheres firmly to the electrode. To make sure that all the zinc 
was deposited, clean the electrodes and electrolyze the solution for 
30 minutes longer. A slight increase in weight will always be obtained 
because the anode is attacked slightly by the alkaline solution so that 
the cathode slowly continues to gain in weight from deposited platinum. 
If at the end of half an hour the gain in weight is not over 0.3 mg then 
the deposition of the zinc was complete the first time, as can be shown 
by testing with hydrogen sulfide. The results are always a little high.* 

To clean the electrodes, boil them with 4 A hydrochloric acid, wash 
well with distilled water, and heat over a flame. It is not necessary to 
cover the platinum gauze with a thin coating of copper or of silver, as 
has been recommended when a platinum dish is used as the cathode. 

Remark. — If too little caustic soda is present, a spongy deposit of zma is obtained 
which does not adhere well to the electrode. For this reason the above directions 
should be followed closely. 

In the presence of ammonia the determination is not successful. Therefore, if 
it is desired to analyze a solution containing an ammonium salt, it must be boiled with 
caustic soda until all the ammonia has been expelled. Moreover, if chlorides or 
nitrates are present they must be removed by evaporation with sulfuric acid. Evap- 
orate the solution on the water-bath and finally heat over the free flame until dense 
vapors of sulfuric acid are expelled. Dilute the solution and electrolyze as described. 

(b) The Potassium Cyanide Method f 

Add a drop of phenolphthalein indicator to the solution of zinc sulfate, 
caustic soda until a permanent pink coloration is obtained, and then 
potassium cyanide until a clear solution results. Dilute to a volume of 
150-200 ml and electrolyze with a current of 0.2-0.3 ampere. At first 
the electrode potential is about 5.8 volts, but it falls during the analysis 
on account of the current heating the solution. The electrolysis is 
finished in 2 or 3 hours. 

Separation of Manganese, Nickel, Cobalt and Zinc from 

THE ALKALINE EARTHS 

The separation depends upon the insolubility of the sulfides of the metals of this 
group and the solubility of the sulfides of the alkaline earths. 

Procedure. — Treat the neutral solution of the chlorides in an Erlen- 
meyer flask with ammonium chloride (in case it is not already present) 

* EUwood B. Spear, J. Am. Chem. Soc., 32, 530 (1910). The experiments have 
been repeated in the author’s laboratory by Janini, who obtained as an average from 
fourteen determinations with 50 ml of a zinc sulfate solution, the value 0.1014 g 
Zn instead of 0.1008 g Zn, a difference of about 0.6 per cent. 

t Luckow, Z. anal. Chem., 19, 1 (1880); Beilstein and Jawein, Ber., 12, 446 (1879); 
Milot, Bull. soc. chim., 37, 339 (1882); W. D. Treadwell, Electroanalyt. Methoden. 
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and freshly prepared colorless ammonium sulfide solution, added drop 
by drop until no further precipitation takes place and the liquid has a 
distinct odor of ammonium sulfide. Nearly fill the flask with boiled 
water, stopper, and allow to stand 12 hours. Filter off the precipitate 
and wash as described in the Determination of Zinc (p. 150). 

If only a small quantity of alkaline-earth metals is present and the 
ammonium sulfide solution is entirely free from ammonium carbonate, 
the separation is usually complete after one precipitation; in the pres- 
ence of considerable calcium, strontium, barium, or magnesium the 
sulfide precipitate will always be more or less contaminated with these 
substances, so that the precipitation must be repeated. For this 
purpose transfer the washed precipitate as completely as possible to a 
porcelain crucible, burn the filter paper in a platinum spiral, and add 
the ash to the main part of the precipitate. Cover the crucible with a 
watch glass, add 2 N hydrochloric acid, and heat gently after the evo- 
lution of hydrogen sulfide has ceased, to remove all dissolved gas. 
Now add a little concentrated nitric acid and heat the mixture until 
the precipitate is completely dissolved and the solution is evaporated 
to dryness, add a little concentrated hydrochloric acid, and again evap- 
orate to make sure that no nitrate remains. Moisten the dry mass 
with a few drops of concentrated hydrochloric acid, dissolve in hot 
water, and filter off the slight residue of sulfur, which, if barium is 
present, always contains a small amount of barium sulfate. Wash 
the residue with hot water, dry, ignite in a porcelain crucible, and weigh. 
Treat the filtrate exactly as before with ammonium sulfide. 

If nickel is present, an excess of ammonium sulfide must be carefully 
avoided, as otherwise some nickel sulfide will pass tlirough the filter 
(cf. Vol. I). Always, however, the filtrate should be tcisted for nickel 
by acidifying with acetic acid, heating to boiling, and passing hydrogen 
sulfide into the solution. If a slight black precipitates is produced 
by this treatment, filter it off and combine with the main precipitate 
(cf. pp. 165 et seq.). Free the filtrate, containing tlie alkaline-earth 
cations, from ammonium salts by evaporating to dryness and heating 
the residue, dissolve this in hydrochloric acid, and examine as described 
on pp. 90 et seq. 

Remark. — The ammonium sulfide solution used in the above separation must 
be free from ammonium carbonate. However, as all commercial ammonia (contains 
this salt, it must be freed from carbonate before being used for the preparation of 
ammonium sulfide solution. 
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Preparation of Ammonia Free from Carbonate and Silicate 

Add 10 g of freshly slaked lime to 500 ml of concentrated ammonia 
contained in a liter flask that is connected with a condenser. Close 
the condenser by means of a tube containing soda-lime, and allow the 
contents of the flask to stand for a day with frequent shaking. Then 
place 300-400 ml of water in a flask and boil, meanwhile passing through 
the water a current of air that has been freed from all traces of carbon 
dioxide by passing through concentrated caustic potash solution and 
then through a tower filled with soda-lime. Allow the water to cool 
in this air-stream. Place the flask containing the ammonia on the 
water-bath in such a position that the condenser tube is inclined slightly 
upward, and connect this with the delivery tube, through which the 
air previously passed into the flask of boiling water. By heating the 
water-bath, distil the ammonia over into the flask containing the boiled 
water, by which it is completely absorbed. By saturating a part of 
this ammonia with hydrogen sulfide, a solution of ammonium sulfide 
is prepared suitable for the above-described separation. 

Separation of the Bivalent from the other Metals of 

THE AMMONIUM SULFIDE GROUP 

This separation is often designated as that of the protoxides from the 
sesquioxides; this designation is not applicable with titanium and 
uranyl derivatives. 

Insoluble hydroxides or basic salts of trivalent iron, chromium, and 
aluminum and of quadrivalent titanium and zirconium precipitate 
when the acidity of the solution lies between and 10”’^-^ mole 
of hydrogen ions per liter. Bivalent uranyl ions usually precipitate 
also at this acidity. 

It is quite common to express the acidity of a solution in terms of 
the so-called hydrogen exponent ^ pu, which is the value log 1/c when 
c is the concentration of H+ in moles per liter or exponent. Thus a 
concentration of 10~® mole of hydrogen ions per liter is expressed briefly 
by saying pn = 6- Since the logarithm to the base 10 of 1 is 0 and 
the logarithm of a fraction is the logarithm of the numerator minus the 
logarithm of the denominator, it is evident that log 1/c = 6 when 
c = 10-^ 

It is easy to tell when the hydrogen-ion concentration corresponds 
approximately to pH = 5 because methyl red indicator in dilute solu- 
tion changes from red to yellow at this point. Most methods for 
separating ions of iron, chromium, and aluminum from the bivalent 
ions of the third group depend upon the neutralization of an acid solu- 
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tion. This may be accomplished by the careful addition of ammonia, 
by adding a salt of a weak acid, or by adding an insoluble carbonate or 
oxide. Theoretically, the separation could be accomplished by the 
addition of caustic alkali or alkali carbonate provided the solution was 
never allowed to become more alkaline than corresponds to pn = 
about 5, but it is practically impossible, because some portion of the 
solution is likely to contain a slightly lower acidity, even although it is 
well stirred, and the excess of this causes the precipitation of insoluble 
hydroxides of bivalent metals. It is difficult to make the separation 
with ammonium hydroxide, for this same reason, but when ammonium 
hydroxide is added to a solution containing an ammonium salt, its 
ionization is repressed so that it amounts to less than one-hundredth as 
much as that of a caustic alkali solution of the same normal concen- 
tration. Moreover, in ammonium hydroxide solution, the greater part 
of the reagent consists merely of dissolved NH3 and this forms complex 
ions with many bivalent ions, particularly copper, cadmium, nickel, 
cobalt, and zinc ions, and the formation of these complexes prevents 
precipitation of hydroxides. 

Chemists have known for a long time that a rough separation of the 
trivalent and bivalent ions can be accomplished by means of ammonia 
and ammonium chloride, but the practice has been discouraged because 
of the danger of adding too much ammonia to some part of the solution 
before all the solution has been sufficiently neutralized. 

The Barium Carbonate Method 

This method depends upon the fact that ferric, aluminum, and chromic ions 
(as well as titanic, zirconic and uranyl ions) are pre<upitated in the cold by barium 
carbonate, whereas the bivalent manganese, ni(‘.kel, cobalt, zinc, and ferrous ions are 
not. Salts of the trivalent metals undergo hydrolysis when in dilute aciiieous solu- 
tion: 

H- iron Fe(OH)++ + 

Free acid and a basic salt are formed by this hydrolysis, the (iomposition of the 
salt depending upon the quantity of the water and the temi)erature. If the free 
acid is removed by the addition of barium carbonate, the equilibrium is disturbed 
and the hydrolysis goes further until finally the insoluble hydroxide is formed: 

Fe(OH)+''- + 2 HOIT FeCOH)., + 2 IF'- 

The barium carbonate, then, serves only to neutralize the acid set free by the 
hydrolysis, and the total reaction is expressed by the following equation: 

2 Fe+++ + 3 HOH + 3 BaCOa 3 Ba++ -f 2 Fe(OH)8 + 3 CO 2 1 

The salts of the bivalent metals are not subject to this hydrolysis in the cold^ 
consequently they are not precipitated by the addition of barium carbonate. On 
warming, however, they are hydrolyzed to an appreciable extent and are then pre- 
cipitated by barium carbonate. 
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Procedure. — Add sodium carbonate solution, drop by drop, to the 
slightly acid solution of the chlorides or nitrates, but not the sulfates'^ 
of the metals, in an Erlenmeyer flask until a slight, permanent turbidity 
is produced; redissolve this by the addition of a few drops of dilute 
hydrochloric acid. Dilute the solution and add pure barium carbonate t 
(suspended in water) until, after thoroughly shaking, an excess of the 
carbonate remains on the bottom of the flask. Stopper the flask and 
allow to stand for several hours with frequent shaking. Then decant 
off the clear liquid through a filter, treat the residue with cold water, 
and again decant. Wash the precipitate three times in this way, trans- 
fer the precipitate to the filter and wash thoroughly on the filter with 
cold water. The precipitate contains all the iron, aluminum, chro- 
mium, titanium, and uranium in the presence of the excess of barium 
carbonate. The filtrate contains the bivalent metals and barium 
chloride. 

Dissolve the precipitate in normal hydrochloric acid solution, boil 
to remove carbon dioxide, and separate the iron, aluminum, chromium 
(titanium and uranium) from the barium| by double precipitation with 
ammonium sulfide as described on p. 153. Separate the iron, alumi- 
num, chromium (titanium, zirconium, and uranium) from one another 
as described on pp. 113-133. 

In the filtrate from the barium carbonate precipitation remove ba- 
rium by the addition of sulfuric acid§ to the boiling solution after it 
has been made acid with hydrochloric acid. Filter off the barium 
sulfate and separate the bivalent cations from one another as described 
on pp. 165-171. 

Remark: — The above separation of the sesquioxides from the protoxides is not 
absolutely certain in the presence of nickel and cobalt. In this case, particularly 
when considerable iron is present, the precipitate produced by barium carbonate 
contains a little nickel and cobalt. This difficulty can be overcome, however, by 
adding ammonium chloride to the solution (3-5 g for each 100 ml of solution) before 
precipitating with barium carbonate; the separation is then satisfactory. 

* Barium carbonate will precipitate the bivalent metals when sulfates are present, 

■ ZnSOi + BaCO, = ZnCOa + BaS 04 

t The barium carbonate must be free from alkali carbonate. 

t Most authorities recommend precipitating the barium first with sulfuric acid 
and then separating the iron, aluminum, etc. Since the precipitate of barium sulfate 
always contains small amounts of the heavy metals, the above procedure is preferable. 

§ Or, better, by double precipitation of the other metals with ammonium sulfide. 
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Separation of Iron, aluminum, and Titanium (but not 
Chromium and Uranium) from Manganese, 

Nickel, Cobalt, and Zinc 

Basic Acetate Method 

This classic method depends upon the fact that ferric, aluminum, and titanium 
acetates are hydrolyzed in hot, dilute solutions much more readily than the acetates 
of the bivalent metals. From the equation 

FeCCsim).. H- 2 HOH 2 HC 2 H 3 O 2 + Fe(0H)2-C2ll302 

it is evident that acid is set free which tends to stop the reaction, owing to the solvent 
action of hydrogen ions. The concentration of free hydrogen ions, however, is kept 
low by the addition of sodium acetate. Then, as a rule, some manganese is likely 
to be precipitated, so that it is advisable to dissolve the precipitate and repeat the 
precipitation. Hydrated manganese dioxide Mn02'H20 or manganic hydroxide, 
Mn(OH) 3 , is more insoluble than manganous hydroxide, Mn(On) 2 , and hence long 
boiling in the air tends to increase the quantity of manganese i.)rer;ipitated. The 
method is somewhat tedious, but gives excellent results. 

Procedure, — To the slightly acid solution of the chlorides, contained 
in a small beaker, add sodium carbonate solution in the cold until a 
slight permanent opalescence is obtained; redissolve the precipitate 
by the addition of a few drops of dilute hydrochloric acid. Meanwhile 
prepare a boiling, dilute solution of sodium or ammonium acetate in a 
large round-bottomed flask, containing, for each 0.1~“0.2 g of iron or 
aluminum, 1.5-2 g of acetate and 300-400 ml of water. When the 
iron solution is ready, take away the burner from beneath the flask, 
add the solution of iron, aluminum, etc., replace the burner, and con- 
tinue the boiling for 1 minute. Then remove the flame (the precipi- 
tate becomes slimy on long boiling), allow the procipitatci to settle, and 
filter while the liquid is hot through a fluted filter, washing thix^e times 
by decantation with boiling water containing arnmonium or sodium 
acetate. Spread the filter together with the prcicipitatc^ upon a glass 
plate, rinse the bulk of the precipitjite into a porcelain dish, and dis- 
solve the precipitate remaining on the filter by alternatcily treating with 
hot 3 N hydrochloric acid and with hot wa.t(a\ Evaporate the result- 
ing solution nearly to dryness on the water-bath and repeat the; basic 
acetate precipitation exactly as before. Dissolve the filtered and 
washed precipitate in hydrochloric acid and sopfirato the iron from 
aluminum according to p. 113. To the combined filtrates froin the 
basic acetate precipitation, add 10-20 ml of concentrated hydrochloric 
acid, to prevent the precipitation of hydrated manganese dioxide, evap- 
orate almost to dryness, dilute with a little water, and precipitate man- 
ganese, nickel, cobalt, and zinc by ammonium sulfide as described on 
p. 149, and analyze according to p. 165. 
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Remark. — This procedure requires practice. It is especially suited for the sep- 
aration of iron and titanium from the protoxides; the separation is usually less satis- 
factory with aluminum, and so if considerable amounts of the latter are present, 
the barium carbonate separation is to be preferred. If it is merely a case of the 

Separation of Iron from Manganese 

the following modifications of the basic acetate process give satisfactory separations 
with only a single precipitation. 

(a) 0. Brunck^s Method* * * § 

To the acid solution, containing not more than 0,3 g of iron, add 
0.35 g of potassium chloride or 0.26 g ammonium chloride for each 
0.1 g of iron present. Evaporate the solution to dryness on the water- 
bath, break up the residue by pressure with a glass rod, and heat 5 
or 10 minutes longer. By this time practically all the mineral acid is 
expelled. Dissolve the residual salts in 10-20 ml of water, and to the 
resulting solution add 1.5 g of sodium acetate for each 0.1 g of iron 
present, f Dilute the solution with boiling water to a volume of 400- 
500 ml for each 0.2 g of iron present; heat, with constant stirring, 
until boiling begins, then remove the flame aiid allow the precipitate 
to settle. Decant off the solution through a fluted filter and wash the 
precipitate with hot water. Dissolve the precipitate in as little hy- 
drochloric acid as possible, precipitate the iron by ammonia, filter, dry, 
and ignite as described on p. 99. Make the filtrate from the basic 
acetate precipitation, or better the combined filtrates from both pre- 
cipitations, t acid with hydrochloric, acid, evaporate nearly to dryness, 
dissolve the deposited salts in a little water, and precipitate manganese, 
nickel, cobalt, and zinc with ammonium sulfide according to the di- 
rections on p. 153, and separate according to p. 165. 

(b) Method of A. Mittasch§ 

Neutralize the slightly acid solution, containing not more than 0.3 g 
of iron and having a volume of not over 100 ml, by adding ammonium 
carbonate solution (200 g of the commercial salt in 1 liter of water) 

* Chem. Ztg., 1904, I, 513. Cf. W. Funk, Z. anal Chem., 45, 181 (1.906). 

f The sodium acetate crystals sometimes contain sodium carbonate; they should 
be dissolved in a little water and the solution made barely acid before adding it 
to the iron solution. 

t To the ammoniacal filtrate from the re(OH )3 precipitate, add 5 ml of concen- 
trated hydrochloric acid before adding the solution to the filtrate from the basic 
acetate precipitation; otherwise manganese is likely to be precipitated when the 
two filtrates are mixed. 

§ Z. anal Chem., 42, 508 (1903). 
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from a pipet or buret while stirring constantly. When a precipitate is 
produced which dissolves very slowly on stirring, finish the neutraliza- 
tion with a more dilute ammonium carbonate solution, prepared by 
taking 50 ml of the first solution and diluting to 1 liter. Add the dilute 
reagent until a slight precipitate is produced which will not dissolve 
by 1 or 2 minutes of stirring. At this point, add 3 ml of 2 A acetic 
acid, and stir until the precipitate disappears. Dilute the solution with 
400 ml of hot water and heat until it begins to boil, when the greater 
part of the iron will have been precipitated. Then add 20 ml of am- 
monium acetate solution (60 g of the commercial salt in 1 liter of 
water)* and continue boiling for a minute longer. Without waiting 
for the precipitate to settle, filter and wash with hot water until the 
precipitate is free from chlorides. 

Dissolve the small quantity of precipitate that adheres to the sides 
of the vessel in which the precipitation took place by adding a few drops 
of hydrochloric acid, precipitate the iron in the solution by ammonia, 
and filter off the ferric hydroxide through a separate filter. Ignite both 
precipitates and filters, and weigh the iron as Fe 203 . 

Separation of Iron and aluminum from Manganese, 
Nickel, Cobalt, and Zinc 

(a) Sodium Succinate Method 

This method, applicable for the separation of large quantities of iron from small 
quantities of manganese, nickel, etc., is based upon the fact that ferric iron is pre- 
cipitated quantitatively from neutral solutions as light brown ferric succinate by 
the addition of neutral alkali succinate solution, whereas manganese, nickel, etc., 
remain in solution. 

Procedure. — If the solution contains free acid and all the iron 
is in the ferric form, neutralize with ammonia until a reddish brown 
coloration appears, then add sodium or ammonium acetate until the 
color becomes a deep brown. Dilute the solution to at kiast 200 ml 
for each 0.1 g of iron present and add 3 g of sodium succinate dissolved 
in a little water. Heat nearly to boiling, filter, and wash at first with 
cold water, then with warm normal ammonium hydroxide solution, 
until 20 drops of the filtrate leave no residue when evaporated to dry- 
ness on platinum. By means of the washing with ammonia, the ferric 

* Commercial ammonium acetate has the symbol NlLCalLOrllCalLOa. If 
none of it is on hand, mix 50 ml 2 iV ammonium hydroxide with 100 ml 2 JSf acetic 
acid; the mixture must be faintly acid. Of this solution use 10 ml mixed with 
5 ml 2 JV acetic acid for the precipitation of the iron, and use 10 ml of 2 A acetic 
acid to dissolve the precipitate produced by ammonium carbonate. 
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succinate is changed to ferric hydroxide. Ignite and weigh as ferric 
oxide in a porcelain crucible. If aluminum is present, analyze the 
ignited residue as described on p. 115. The bivalent metals in the 
filtrate are best precipitated by the addition of ammonium sulfide and 
analyzed as described on p. 165. 

(5) Separation by Ammonia and Ammonium Chloride* 

To the acid solution containing 5 g of ammonium chloride and not 
more than 0.2 g of iron and aluminum cations in 200 ml of solution, 
add a few drops of a 0.2 per cent solution of methyl red in alcohol and 
heat just to boiling. Carefully add normal ammonium hydroxide 
solution, drop by drop, until the color of the solution changes to a dis- 
tinct yellow. Boil 2 minutes and filter promptly. Wash with hot 
2 per cent ammonium nitrate solution until free from chloride. The 
precipitate contains Fe(OH) 3 , Al(OH)8, Ti(OH)4 and Zr(OH )4 if the 
correspondmg elements are present. 

As good a separation of iron and aluminum from manganese is 
accomplished in this way as by a single basic acetate precipitation. 
It is advisable to dissolve the precipitate and repeat the precipitation 
when the precipitate upon ignition is likely to weigh more than 0.1 g 
or when a 9-cm filter is more than half full of the precipitate. 

Remark. — Lundell and Knowles showed that iron and aluminum can be sep- 
arated from manganese and nickel as satisfactorily by this method of precipitation, 
which is the same as that recommended by Blum for precipitating aluminum, as by 
the basic acetate or barium carbonate methods. Phosphoric and vanadic acids 
follow the iron and aluminum and do not affect the separation if sufficient iron 
and aluminum are present. If more phosphoric acid or vanadic acid is present than 
is equivalent to the iron and aluminum, the separation fails as does that of the basic 
acetate or barium carbonate procedure. Under the above conditions, some cobalt, 
copper, and zinc will precipitate if present, but a fair separation is effected then by 
increasing the ammonium chloride content. An excess of both ammonia and am- 
monium chloride gives better results in the separation of iron from copper and zinc 
but the precipitation of the aluminum is then less complete. 

The Use of Cupferron in Quantitative Analysis 

Cupferron is a trivial name for the ammonium salt of nitrosophenyl- 
hydroxylamine, C 6 H 5 N-NO-ONH 4 . 0. Baudischf first suggested its 
use as a reagent for the quantitative precipitation of cupric and ferric 
ions. By means of cupferron, it is possible to precipitate quantitatively 

* Lundell and Knowles, J. Am. Chem. Soc., 46 , 676 (1923). 

t 0. Baudisch, Chem.-Ztg., 33 , 1298 (1909); Baudisch and King, J. Ind. Eng. 
Chem., 3 , 629 (1911). 
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copper, iron, titanium, and zirconium from strongly acid solutions, 
and in this way a number of separations may be accomplished which 
otherwise involve considerable difficulty. The copper salt is gray, the 
ferric salt red, and the titanium salt yellow. 

As a precipitant for copper, the reagent apparently offers no special 
advantages, and silver, lead, mercury, tin, or bismuth contaminates 
the precipitate to some extent. On the other hand, in the case of iron, 
titanium, and zirconium it is very useful to possess a reagent which 
will precipitate these elements quantitatively from acid solutions with- 
out contamination from aluminum, chromium, manganese, nickel, 
cobalt, zinc, or alkaline earth. The advantages of cupferron for effect- 
ing separations have been pointed out by a number of chemists.* 

Cupferron is readily soluble in water, and the ammoniacal solution 
keeps well. The reagent is not very stable in acid solutions, par- 
ticularly in hot solution or when an oxidizing agent is present. By 
oxidation, nitrosobenzene is formed, and its presence can be detected 
by the peculiar sweetish odor in nearly every precipitation with cup- 
ferron. When much nitrosobenzene is formed it separates out in the 
form of white needles. Precipitation with cupferron is always effected 
in cold, acid solution, and an excess of the reagent must be used. The 
precipitate is stable as long as an excess of cupferron is present. 

When iron and copper are precipitated together by means of cup- 
ferron, washing with 6 AT ammonium hydroxide serves to remove the 
copper and the excess of cupferron; it also serves to convert the iron 
precipitate into ferric hydroxide, in which form it is more readily con- 
verted into ferric oxide on ignition. From the ammoniacal solution of 
the copper precipitate, the copper can be precipitated by the addition 
of acetic acid and by washing with 1 per cent sodium carbonate solu- 
tion the cupferron may be removed from the copper. 

Four analytical procedures illustrating the use of cupferron will be 
described, 

1 . THE DETEEMINATION OP IRON IN MANGANESE ORES 

Prindple. — After effecting the solution of the ore, the iron is precipitated in 
acid solution by cupferron. The filtrate then contains all the aluminum, (ihromium, 
manganese, nickel, cobalt, zinc;, and alkaline earths. After the removal of any of 
these elements that may be present, by washing the precipitate with cold water, 


* Nissenson, Z. angew. Chem., 23, 969 (1910); Biltz and Hodtke, Z. anorg, Chem.^ 
66, 426 (1910); Hanus and Soukup, ibid., 68, 52 (1910); R. Fresenius, Z. anal 
Chem., 50, 35 (1911); Schroeder, Z. anorg. Chem., 72, 89 (1911); Bellucci and Grassi, 
Gazz. cUm. ital, 43, 1, 570; Thornton, Am. J. Sd., 37, 173 and 407 (1914); Lundell 
and Knowles, J. Ind. Eng. Chem., 12, 344 (1920). 
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the organic matter is removed and the iron converted into ferric hydroxide by wash- 
ing the precipitate with ammonia. The precipitate is ignited and weighed as Fe 203 . 

Procedure. — Dissolve about 1 g of the finely pulverized ore in con- 
centrated hydrochloric acid, and evaporate the solution to dryness. 
Moisten the residue with strong hydrochloric acid, dilute with water, 
boil, and filter. Fuse the residue with sodium carbonate in a covered 
platinum crucible, and after the fusion, dissolve the melt in water and 
dilute hydrochloric acid. Evaporate this solution to dryness, and 
after the removal of the silica in the usual manner, add the filtrate to 
the main solution. To the cold solution add 50 ml of cupferron reagent 
in a fine stream down the sides of the beaker, while stirring vigorously. 
A brownish red, partly amorphous and partly crystalline precipitate 
of the ferric salt separates out. As soon as a drop of the reagent causes 
the formation of a snow-white precipitate of nitrosophenylhydroxyl- 
amine, all the iron is precipitated. Add a slight excess of the reagent 
and allow the solution to stand about 10 minutes. Filter through an 
ashless paper, using gentle suction. If the last particles of the pre- 
cipitate cling tenaciously to the beaker, add a little ether to loosen 
them and remove the ether by adding a little boiling water. Wash 
the precipitate with cold water until the washings are no longer acid 
to litmus and then with 6 A ammonia to remove the excess of the re- 
agent and form ferric hydroxide. Finally wash the filter once more 
with cold water. Ignite the precipitate and weigh as Fe 203 . 

2. THE DETERMINATION OF MANGANESE IN FERROMANGANESE 

Dissolve about 1 g of the material in strong hydrochloric acid and 
fuse the residue with sodium carbonate in a platinum crucible. Heat 
the melt with water and add alcohol to reduce the manganate to hy- 
drated manganese dioxide. Filter, and dissolve the residue in hy- 
drochloric acid; add this solution to that obtained in the first place. 
Precipitate iron with cupferron, as in the previous method, but do not 
add the ammonia washings to the solution. In the filtrate determine 
manganese as described on pp. 135 and 138. 

3. THE DETERMINATION OP NICKEL AND COBALT IN ARSENICAL 
SULFIDE ORES* 

Dissolve 1 g of the ore in 20 ml of a saturated solution of bromine 
in concentrated hydrochloric acid, and evaporate the solution somewhat 
to volatilize arsenious chloride. Add 10 ml of 18 A sulfuric acid and 
evaporate the solution until dense fumes are evolved. Dilute to 500 ml, 

* H. Nissenson, Z. angew. Chem., 23, 969 (1910). 
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heat to boiling, and introduce hydrogen sulfide to precipitate the metals 
of the copper group and any remaining arsenic. In the filtrate precip- 
itate the iron by cupferron as in Method 1, and after evaporating the 
filtrate until fumes of sulfuric acid are evolved, determine the nickel 
and cobalt according to pp. 139 and 143. 

4 . THE DETERMINATIOlSr OF TITANIUM AND ITS SEPARATION FROM IRON, 
ALUMINUM, AND PHOSPHORIC ACID*^ 

Principle. — The iron may be reduced completely to ferrous salt by passing hy- 
drogen sulfide into an acid solution, and then, in the presence of tartaric; acdd which 
prevents the precipitation of titanium, precipitated as ferrous sulfide in ammoni- 
acal solution. After acidifying and boiling off the hydrogen sulfide, the titanium 
can be precipitated quantitatively by means of cupferron while the aluminum and 
phosphoric acid remain in the tartaric acid solution. It is unnecessary to remove 
the organic matter before igniting the yellow titanium precipitate. 

Procedure. — To the solution, which should have a volume not 
greater than 100 ml, add at least four times as much tartaric acid as 
corresponds to the weight of the oxides of iron, titanium, aluminum, 
and phosphorus. Neutralize with ammonia, add 3 ml of 18 iV sul- 
furic acid, and introduce hydrogen sulfide until the solution becomes 
colorless. Unless all the iron is reduced, the subsequent precipitate of 
iron sulfide will contain some titanium. After the reduction of the iron 
is complete, add ammonium hydroxide in considorabk'. excess and pre- 
cipitate the iron as ferrous sulfide by introducing more hydrogen sulfide 
gas; the solution should remain alkaline to litmus paper. Filter off the 
ferrous sulfide, and wash with water containing a little colorkiss am- 
monium sulfide. To the filtrate, add 40 ml of 18 N HoSO.i and expel 
the liberated hydrogen sulfide by boiling. ' When this is accomplished, 
cool the solution to room temperature, dilute to 400 ml, and tnuit with 
an excess of 6 per cent cupferron solution, added slowly down tluj sides 
of the beaker while the solution is being well stiruMl. After the pre- 
cipitate has subsided, test the supernahant liquid by adding morc^ of the 
cupferron solution. A white precipitate of nitrosophcnylhydroxylmnine 
indicates that an excess of the reagent is present, but a ycillow turbidity 
shows that the precipitation of the titanium is inc()mi)k4(‘. It is also 
well to test the filtrate in the same way. Collect the titanium prcj- 
cipitate on filter paper, using gentle suction, and wash 20 times with 
normal hydrochloric acid solution. Ignite very cautiously in a plat- 
inum or quartz crucible until the organic matter is all consumed. 
Finally, heat to constant weight over a M6ker burner and weigh as Ti02. 

* W. M. Thornton, Jr., Am. J. ISdencCy 37, 407 (1914). 
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Other Determinations with Cupferron 

Zirconium can be precipitated quantitatively from solutions con- 
taining as much as 40 per cent of concentrated sulfuric acid by volume, 
and the presence of tartaric acid has no effect upon the precipitation. 
The ignited precipitate is Zr02. Thorium, on the other hand, is not 
precipitated quantitatively in the presence of sulfuric acid but can be 
thrown down from acetic acid solutions. Vanadium, in either the 
quadrivalent or quinquevalent condition, can be determined quan- 
titatively by precipitation in 1 per cent hydrochloric or sulfuric acid 
solution provided the precipitate is washed with 1 per cent acid con- 
taining cupferron. Tantalum and columbium are also prepipitated. . 

Lead, silver, mercury, tin, bismuth, cerium, tungsten, interfere more 
or less with cupferron determinations and are likely to precipitate to 
some extent in most of the methods that have been described. 

SEPARATION OF THE BIVALENT METALS OF THE AMMONIUM 
Sulfide Group from One Another 

Separation of Zinc from Nickel, Cobalt, and Manganese 

Most methods for this separation depend upon the slight solubility 
of zinc sulfide and the greater solubility of the other sulfides* in their 
state of formation. 

It was shown in Vol. I that the solubility products of ZnS, NiS, 
CoS, FeS, Fe 2 S 3 , and MnS are all so small that these substances are 
precipitated quantitatively whenever the corresponding cations come in 
contact with any appreciable concentration of sulfide ions, as by adding 
a solution of ammonium sulfide. It was also shown in Vol. I that 
hydrogen sulfide is a weak acid and only slightly ionized. By adding 
acid, the concentration of the sulfide ion diminishes in proportion to 
the square of the concentration of hydrogen ions. Thus, if to an aqueous 
solution of hydrogen sulfide, enough acid is added to increase the hydro- 
gen ion concentration tenfold, the concentration of the sulfide ion is 
diminished to about one one-hundredth of its former value. 

In a liter of water saturated with hydrogen sulfide at 25°, there is present about 
0.1 mole of undissociated hydrogen sulfide, 0.9 X 10”'^ mole of hydrogen ion, and 
only 1.2 X 10”^^ mole of sulfide ion. In the saturated solution the relation 
[H+]2 X [S ] = 1.1 X 10"23 always holds at 25°, according to theory, and, there- 
fore, it is easy to fix the concentration of the sulfide ion by regulating the concen- 
tration of the hydrogen ion. 

* Nickel and cobalt sulfides when oncfe formed are insoluble in dilute acids. These 
substances probably exist in two allotropic modifications, of which one is soluble 
and the other insoluble. The soluble form has never been isolated. 
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Thus, to take a concrete ease, suppose a solution to contain 0.2 g of zinc ions and 
0.2 g of ferrous ions in 400 ml of solution. What concentration of hydrogen ions is 
necessary to effect a quantitative separation of zinc and iron by hydrogen sulfide? 
Let us assume that the separation can be called quantitative when all but about 
0.5 mg of zinc is precipitated and not over 0.5 mg of iron. 

The solubility product of zinc sulfide is given in Vol. I as 1.2 X lO'^s and that of 

ferrous sulfide as 1.5 X 10“^®. Now 0.5 mg of Zn in 400 ml = X = 

65.4 400 

1.9 X lO"® mole per liter. To reach the solubility product of ZnS it is necessary 

1 O V in“"23 

to have Y q — — = 6.3 X 10"^® mole per liter of 8 “ ions. 

The ionization of hydrogen sulfide in a saturated solution is repressed to this value 

1 1 y 10-23 

when [H +]2 = 0 ' 3 ~ ^ ~]q ~9 = 4 X 10“"^ mole per liter. A 

similar computation for FeS shows that the concentration of II"^ ions required to 
prevent the precipitation of 0.2 g of Fe is about 8 X 10 mole per liter. Therefore, 
to separate 0.2 g of Fe completely from 0.2 g of Zn in 400 ml of solution it is necessary 
to keep the concentration of the acid between 8 X 10“'^ and 4 X 10~'^ mole per liter 
or, in other words, the solution must be kept between O.OOOS and 0.004 normal in 
hydrogen ions. 

The values for the solubility products given in Vol. I are not accurate enough to 
predict with certainty whether a definite separation will be accomplished satis- 
factorily but they indicate the possibility of su(;h separations. The above compu- 
tation, therefore, suggests the possibility of separating zinc from iron hy means of 
hydrogen sulfide, and it has been found possible to acicomplish this in the laboratory. 

To reach the desired concentration of hydrogen ions it is not permissible merely 
to add just the right quantity of a mineral acid at the start,. During the pre{;ipir 
tation of ZnS more hydrogen ions are formed as the following equation shows: 

Zn++ -h ES = ZnS + 2 H+ 

It is necessary, therefore, to make sure that the acidity is corre(!t when all the zinc 
is precipitated. Tliis is more important than the ac.id c()nc.ent.ra,tion at the start, 
for when hydrogen sulfide is passed into a solution, the least soluble sulfide forms 
first; and if at one part of the solution a more soluble sulfide forms, it, will itself 
precipitate another less soluble sulfide when it meets the other ion in another part 
of the solution. 

Experimentally, it has been found possible to separate zinc as sulfide 
from very dilute hydrochloric acid solution after the addition of alkidi 
acetate, and also from a solution containing dilute hydrochloric acid 
and a large quantity of ammonium salt. In the latter case it is prob- 
able that the ammonium salt exerts a “ salting-out effect ” and pre- 
cipitates colloidal zinc sulfide, making the solubility product smaller 
than it apparently is in pure water. 
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Method of Smith and Brunner* * * § 

Procedure, — Treat the hydrochloric acid solution of the four metals 
with sodium carbonate until a permanent precipitate is formed, and 
redissolve by the addition of a few drops oi 2 N hydrochloric acid. 
Into this nearly neutral solution introduce hydrogen sulfide for 5 min- 
utes, then add a few drops of 2 N sodium or ammonium acetate solu- 
tion and saturate with hydrogen sulfide. Allow the mixture to stand 
over night, filter, and wash with hydrogen sulfide water containing 
2 per cent of ammonium salt (either the chloride, sulfate, or thiocya- 
nate). Determine the zinc either as oxide or sulfide according to the 
methods described on pp. 146-149. 

Remark. — Inasmuch as the exact amount of acid to be set free is unknown, it is 
impossible to tell exactly how much alkali acetate is necessary, and herein lies the 
chief difficulty. If too much alkali acetate is added, some nickel or cobalt sulfide 
may be precipitated (shown by the gray color of the zinc precipitate). If not enough 
alkali acetate is added, the zinc will not be completely precipitated. The follow- 
ing separation is more certain. 

Method of CL Zimmennaunf 

Procedure. — Treat the slightly acid solution with sodium carbonate 
solution until a permanent precipitate is formed and redissolve by the 
addition of a few drops of 2 N hydrochloric acid; then for every 80 ml 
of the solution add 10, or at the most 15, drops of 2iV hydrochloric 
acidj and 10 ml of 20 per cent ammonium thiocyanate solution. Now 
heat the solution to about 70° C and saturate with hydrogen sulfide. 
At first the solution becomes only slightly turbid, § but after some 
time pure white zinc sulfide is thrown down in clouds, constantly be- 
coming denser. After the solution has become saturated with hydrogen 
sulfide, cover the beaker and allow it to stand in a warm place until 
the precipitate has settled and the upper liquid is clear. Then filter 

* Chem. Centrabl, 1896, 26. 

t Ann. chem. pharm., 199, p. 3 (1879); 204 (1880), p. 226. 

t The addition of hydrochloric acid is in all cases necessary, because otherwise 
nickel sulfide will be precipitated with the zinc sulfide, especially when considerable 
nickel and little zinc are present. 

§ There are at the start but few zinc ions in the solution. The four metals are 
present for the most part in the form of complex thiocyanates of the general formula 
[II(CNS)4](NH4)2. The zinc salt, like carnallite (see VoL I), is slightly dissociated, 
[Zn(CNS)4l(NH4)2 ^ Zn(CNS)2 + 2 NH4CNS 

and the zinc thiocyanate is converted into insoluble sulfide by the action of hydrogen 
sulfide. When the zinc begins to precipitate as sulfide, the equilibrium is disturbed 
and eventually all the zinc becomes precipitated. 
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and wash the precipitate, as described in the method of Smith and 
Brunner. 

From the filtrate nickel, cobalt, and manganese are precipitated by 
means of ammonium sulfide, filtered and separated according to the 
following methods. 

Salting-out Method ” 

Experiments were performed by G. H. Kramers to determine whether the separa- 
tion of zinc from nickel and cobalt could be accomplished in weakly acid solutions 
by hydrogen sulfide after the addition of any ammonium salt of a strong acid. The 
results obtained showed this to be possible. 

Procedure. — To the neutral solution* containing nickel and zinc 
as sulfate or chloride (the sum of the oxides present amounting to about 
I per cent of the weight of the solution) add 8-10 drops of 2 N hydro- 
chloric acid and about 2 per cent of ammonium sulfate (referred to the 
total amount of liquid). Saturate the solution at 50° C with hydrogen 
sulfide. Allow the warm solution to stand until the white precipitate 
of zinc sulfide has settled out, and then treat exactly as described under 
the Method of Zimmermann. 

Separation of Manganese from Nickel and Cobalt 

Treat the solution of the chlorides or sulfates with an excess of so- 
dium carbonate, add a liberal excess of acetic acid, and, for each gram 
of nickel or cobalt present, introduce 5 g of ammonium acetate. Dilute 
the solution to 100-200 ml, heat to 70-80° C, saturate with hydro- 
gen sulfide, filter, and wash with hot water. The manganese is in the 
filtrate, and the nickel and cobalt arc in the precipitate. 

Remark . — The filtrate often contains small amounts of nickel and cobalt,. In 
order to remove these metals, the solution should be eva])orat(Ml and (tolorlcss 
ammonium sulfide added. Then make slightly acid with acc^tic; acid, warm, and 
filter. In case a precipitate of nickel or cobalt sulfides is formed by this tniatrnent, 
test the filtrate in the same way again and repeat the process until no further pre- 
cipitation is produced. 

Separation of Cobalt from Nickel 
(a) Method of Tschugaeff-Brunckf 

This method is probably the quickest and most accurate for the estimation of 
nickel in the presence of cobalt. It depends upon the facjt that nickel is ciuanti- 
tatively precipitated, by means of dimethylglyoxime, from a barely ammoniacial 
solution or from a slightly acid solution containing sodium acetate. Cobalt, under 
these conditions, is not precipitated. 

* If the solution is acid, neutralize with sodium carbonate as described in the 
preceding methods. 

t 0. Brunck, Z. angew. Chem.^ 1907, 1848. 
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Procedure. — If the quantity of cobalt present does not exceed the 
quantity of nickel, the procedure is exactly the same as when nickel 
alone is present ; with larger quantities of cobalt add two or three times 
as much of the dimethylglyoxime reagent and carry out the precipi- 
tation exactly as described on p. 139. For the determination of both 
nickel and cobalt, divide the original solution into two portions. In one 
portion determine the nickel as outlined above, and in the other deposit 
the two elements electrolytically as described on p. 140 and p. 143, 
and find the cobalt by difference. If only a little of the substance is 
available, deposit the two metals together by electrolysis, dissolve the 
weighed deposit in nitric acid (the electrodes must be completely im- 
mersed in the acid and the solution boiled for at least 20 minutes), 
concentrate the resulting solution to a small volume, and determine 
the nickel as described above. The method can be recommended 
strongly. Sometimes, when the quantity of cobalt is larger than that 
of the nickel, it is better to dissolve the first precipitate in nitric acid 
and repeat the precipitation to get a purer precipitate. 

(5) The Potassium Nitrite Method of N. W. Fischer* 

Brunei s Modification] 

Evaporate the solution containing an excess of acid to dryness in a 
porcelain dish and treat the residue with 1 or 2 drops oi 2 N hydro- 
chloric acid and 5-10 ml of water. Add pure caustic potash solu- 
tion, drop by drop, until the reaction is barely alkaline. Dissolve the 
resulting precipitate in as little glacial acetic acid as possible, -add half 
of the solutionis volume of 50 per cent potassium nitrite solution and 
10 drops more of acetic acid. Stir the mixture well and allow it to 
stand 24 hours. At the end of this time the precipitation is almost 
always complete. This should be proved, however, by removing a little 
of the undiluted solution with a pipet, adding to it a little more potas- 
sium nitrite solution, and allowing to stand a little longer. If at the 
end of an hour no further precipitation results, then all the cobalt has 
been precipitated. If a precipitate is formed, add more potassium 
nitrite to the main solution and again allow to stand. Decant off the 
clear liquid through a filter, transfer the residue to the filter, and wash 
with a 10 per cent potassium acetate solution until 1 ml of the filtrate 
on being acidified with acetic acid and boiled with 1 ml of a 1 per cent 
solution of dimethylglyoxime will show no test for nickel. This is 
usually the case after washing four times. Transfer as much of the 

* Pogg. Ann., 71, 545 (1847). 
t Z. angew. Chem., 1907, 1847. 
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precipitate as possible to a small porcelain dish, cover with a watch 
glass, cautiously acidify with sulfuric acid, and heat on the water-bath 
until no more brown vapors are evolved. Dissolve the small quantity 
of precipitate remaining on the filter by pouring hot, dilute sulfuric 
acid through the filter and add this acid to the main solution of the co- 
balt. After evaporating as far as possible on the water-bath, continue 
heating on an air-bath until dense vapors of sulfuric acid are evolved. 
After cooling, dissolve the residue in water and determine the cobalt 
electrolytically, as described on p. 145. If it is not convenient to carry 
out an electrolysis, dissolve the nitrite precipitate in hydrochloric acid 
and determine the cobalt according to p. 145 (h). 

Remark. — This method gives reliable results provided the solution is free from 
alkaline earths. If not, the nickel and alkaline-earth metals are precipitated with 
the cobalt. (Cf. Vol. L) 

(c) Method of Ilinsky and von Knorre* 

This method depends upon the fact that cobalt can be precipitated as purple-red 
[CioH 60 (NO)] 3 Co by treatment with a-nitroso-)9-naphthol in hydrochloric acid 
solution. Nickel is not precipitated under these conditions. 

Procedure. — To the neutral solution containing not more than 0.2 g 
of nickel and 0.1 g of cobalt, add 10 ml of 6N hydrochloric acid, di- 
lute to 200 ml, heat to 80°, and add a solution of a-nitroso-/3-naphthol, 
in 50 per cent acetic acid, until no further precipitation takes place. 
Cool, and make sure that no more precipitate is formed by adding a 
little more of the reagent. Filter after 2-3 hours into a Gooch crucible 
and wash with 12 per cent hydrochloric acid until all the nickel is re- 
moved. Finish washing with hot water. Dry, sprinkle a little pure 
oxalic acid upon the precipitate to prevent too sudden combustion 
during the heating, and heat very slowly to redness in an electric oven. 
Cool, place the crucible on a larger porcelain crucible with a pc^rforated 
cover, and heat in a stream of hydrogen until the cobalt oxide is reduced 
to metal. Cool in hydrogen and weigh as Co. In another sample 
determine the nickel with dimethylglyoxime (p. 139). 

See p. 146 for a procedure using a-nitro-iS-naphthol in place of the nitroso com- 
pound. 

Separation of Nickel from Zinc. Method of Tschugaefif-Brunckf 

Treat the solution with ammonium chloride, and add enough am- 
monia to make slightly ammoniacal; no precipitate will be formed if 

* Ber., 18, 699 (1885). 

t Z. angew. Chem.y 1907, 1849. 
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sufficient ammonium chloride has been added. Make shghtly acid 
with hydrochloric acid, heat to boiling, and precipitate the nickel with 
an alcohohc 1 per cent dimethylgiyoxime solution exactly as outlined 
on p. 139. 

In the filtrate, it is best to precipitate the zinc as sulfide by acidifying 
with acetic acid and saturating the hot solution with hydrogen sulfide 
(cf. p. 150). 

Remark, — When considerable zinc is present it is necessary to add more dimethyl- 
giyoxime to precipitate the nickel. 

Separation of Nickel from Manganese. Method of Tschugaeff-Brunck* 

Carry out the analysis exactly as described above with the only 
difference that the final precipitation should take place in an acetic 
acid solution. Neutralize the greater part of any mineral acid present 
with ammonia, treat the barely acid solution with 1 per cent dimethyl- 
giyoxime solution, and then, after the precipitate has formed, add 
sodium acetate and continue the analysis according to p. 139. If the 
alkali acetate is added before the dimethylgiyoxime, a very voluminous 
precipitate is formed which, to be sure, can be filtered with suction, but 
even then the filtration is tedious. Thus, when possible, it is best to 
add the sodium acetate after the dimethylgiyoxime. If, on the other 
hand, iron has been removed by a basic acetate separation and nickel 
and manganese are to be determined in the filtrate, the precipitation 
must take place in a solution already containing sodium acetate. In 
the filtrate from the nickel dimethylgiyoxime precipitation, precipi- 
tate the manganese with ammonium sulfide and determine as described 
on p. 135. 

Separation of Nickel from Iron 

If the iron is present in the ferrous condition, oxidize it by boiling 
with nitric acid. Then dilute to 300 ml, add 1-3 g of tartaric acid, 
and make the solution ammoniacal to find out whether enough tartaric 
acid has been added (the solution must remain perfectly clear). Make 
slightly acid with hydrochloric acid, precipitate the nickel with dimethyl- 
giyoxime, carefully neutralize the acid with ammonia, and continue the 
analysis according to p. 140. 

Determination of Nickel in Steel f 

Procedure. — Dissolve 0.5 of steel in 20 ml of 6iV hydrochloric acid. 
To the resulting solution add 5 ml of concentrated nitric acid and boil 

* Z. angew. Chem., 1907 , 1849. 

t 0. Brunck, Stahl und Risen, 28, 331. 
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2 minutes to oxidize iron. Dilute to 100 ml and filter if there is any 
perceptible residue. Add 3 g of tartaric acid and make the solution 
ammoniacal and then barely acid with acetic acid. Dilute to 300 ml, 
heat nearly to boiling, and treat with 30 ml of a 1 per cent alcoholic 
solution of dimethylglyoxime. * Finally make slightly ammoniacal, 
adding enough ammonia to make the solution barely smell of this re- 
agent. Allow the solution to stand in a warm place for 15 minutes 
and then cool for half an hour or longer. Finally filter the solution 
through a Gooch or Munroe crucible, wash thoroughly with hot water, 
dry at 105° for 90 minutes, and weigh as Ni(C4H7N202)‘2. To the filtrate 
add 10 ml more of dimethylglyoxime reagent and make sure that the 
solution is barely alkaline. There should be no further precipitation. 

By this method the nickel in a sample of steel can be determined 
within about 2 hours. The results are accurate, but lower than are 
sometimes obtained in practice when the cobalt is determined with the 
nickel. The precipitate is too voluminous to handle easily when the 
solution contains more than 0.1 g of nickel. 


Removal of Ferric Chloride by Ether, Method of Rothe f 

The fact that ferric chloride dissolved in hydrochloric acid, d. 1.1, 
is more soluble in ether than in this acid, is often taken advantage 
of in the determination of metals such as nictcc^l, mangaiu^sc^, cobalt, 
copper, aluminum, titanium, vanadium, and chromium in sam})les of 
steel. It has also been used for the determination of sulfur in steel 
after oxidation to sulfuric acid, which does not dissolve in the ether. 
The underlying principle is the same as that gov(3rning the distribution 
of iodine between water and carbon disulfide (m) Vol. I). An (example 
will be given of such a process in the following method for d(‘(,ermining 
manganese in steel. Beryllium chloride as well as molybdic acid follow 
the ferric chloride and dissolve in the ether. 

Determination of Manganese in Iron and Steel 

Requirements. — 1. Hydrochloric acid, d. I.IO. 

2. Ether-hydrochloric acid. To (loncentratod hydrocdilorh; acid, d. 1 . 1 0, add other 
in small portions until, after shaking, a layer of ether is on top of the lund. One 
volume of concentrated aedd dissolves about 1.5 volumes of ether. 


* The volume of the alcoholic solution should in no case bo more than half that 
of the nickel solution, as the precipitate is slightly soluble in alcohol. About 0.4 g 
of the glyoxime should be used for each 0.1 g of nickel. A deep red color in the 
solution shows that ferrous iron is present, 
t Z. anal. Chem., 1901, 809. 
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3. Dilute ether-hydrochloric acid. To approximately 6N hydrochloric acid, 
d. 1.10, add ether in the same way. One volume of the acid 
dissolves about 0.5 volume of ether. 

4. A shaking funnel similar to that shown in Fig. 40. The 
analysis can be made with two ordinary separatory funnels, but 
this funnel recommended by Eothe is well adapted to this 
work. 

Procedure. — If the iron or steel contains less than 
1 per cent manganese, take 10 g of sample for analy- 
sis, otherwise a correspondingly smaller quantity. 

Dissolve the sample in a 500-ml beaker with 7.5 iV 
nitric acid, using 15 ml of the acid for each gram of 
metal. As soon as the violent reaction is over, heat 
over a wire gauze until all the iron has gone into solu- 
tion and no more brown fumes are evolved. Evapo- 
rate the solution to dryness and gently bake the 
residue. Take up in 50 ml of 6 A hydrochloric acid, 
heating until all the ferric oxide and basic salt has dis- 
solved. Then dilute to 150 ml and filter off the silica. 

Evaporate the filtrate nearly to dryness; a thick 
sirupy liquid should remain but there should be no 
deposition of crystals. Pour this solution into the 
upper bulb of the funnel shown in Fig. 40, and rinse out the dish 
with hydrochloric acid, d. 1.10, until no yellow coloration is pro- 
duced on pouring the acid into the dish. Ten or fifteen milliliters of 
the acid, added in 3-ml portions, should accomplish this rinsing of the 
dish. Shake the solution to mix it well, and cool under the water faucet. 
Then, for each gram of metal taken, add 6 ml of the concentrated acid 
that has been saturated with ether. Mix, cool again, and nearly fill the 
upper bulb with pure ether. Close the stopcock and shake well, cool- 
ing from time to time under running water. Fasten the shaking funnel 
to a ring stand in a vertical position and allow the liquid in the bulb to 
separate into two layers. The upper, ether layer will contain the greater 
part of the iron, and the lower acid will contain all the manganese. 

Transfer the lower layer to the lower bulb of the shaking funnel 
without letting any of the upper layer flow into the boring of the stop- 
cock that separates the two bulbs. After a few minutes a little acid will 
separate out below the ether. Allow this also to run into the lower 
bulb. To rinse the boring add 3 ml of the dilute ether-hydrochloric 
acid mixture and again drain off the lower layer of liquid into the bottom 
bulb, Now add 10 ml of the dilute ether-acid mixture to the upper 
bulb and nearly fill the lower bulb with ether. Shake well. Then draw 


10 
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Fig. 40. 
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off the lower layer of the liquid in the lower bulb into a porcelain dish, 
drain off the lower layer of the upper bulb into the lower bulb, and rinse 
the upper bulb with a little of the dilute ether-acid mixture. With- 
draw the lower layer of the upper bulb into the lower bulb and the lower 
layer of the bottom bulb into the dish. Repeat this washing of the 
apparatus 3 or 4 times and then it can be assumed that all the man- 
ganese, together with the nickel, cobalt, aluminum, chromium, sulfuric 
acid, and phosphoric acid is in the dish. 

From this solution, evaporate off the ether on a warm water-bath, 
taking care not to boil the solution or to have a lighted flame very 
near. Finally evaporate to dryness and take up in 5 ml GAT hydro- 
chloric acid. Dilute to 100 ml and precipitate the copper with hydrogen 
sulfide. Filter and wash as described under Copper. 

Bauer and Deiss recommend the following treatment to separate 
the manganese from the remaining elements: Add a little sulfuric 
acid to the filtrate from the copper precipitate and evaporate to dry- 
ness, finally heating until the excess acid is all expelled. Cover the 
sulfates in a platinum dish with a solution of 2-5 g of pure sodium hy- 
droxide 'dissolved in a little water. Evaporate to dryness and care- 
fully heat over a free flame until the sodium salt fuses, keeping the dish 
in motion. Cool, sprinkle a little sodium peroxide over tlio mass, and 
again carefully heat until the mass fuses. Avoid injuring the dish by 
not overheating any part of it. Cool, cover the dish with a watch 
glass, and digest the fused mass with 60 ml of hot water. Aftca* again 
cooling, add a little more sodium peroxide to make sure that all the 
green sodium manganate is decomposed and hydrated ma..ng;in(is(^ diox- 
ide precipitated. Heat to decompose the excess of sodium peroxide 
for about an hour on the water-bath. Rinse the contents of th(j dish 
into a beaker. Dilute to 200 ml and allow the precipitates to settle; 
it contains all the manganese, nickel, and cobalt and some iron that was 
not removed by the ether. If a stain remains on thc^. sich^s of the 
platinum dish, dissolve it with a few drops of hydrochloric a,cid, dilut(^, 
add sodium peroxide, heat to decompose the excess, and rinsci into the 
beaker. 

Filter and wash the precipitate with water containing 2 per cemt of 
dissolved ammonium sulfate. The filtrate will contain all the chro- 
mium as chromate and the aluminum as aluminate besides alkali 
phosphate and other alkali salts. 

Dissolve the moist precipitate in hot ZN hydrochloric acid and pn^- 
cipitate the iron by the basic acetate procedure (p. 159). If a large 
precipitate is obtained, dissolve it in hydrochloric acid and repeat the 
basic acetate precipitation. 
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To remove the nickel and cobalt from the filtrate, add a drop of 6 N 
acetic acid and saturate the solution with hydrogen sulfide. Heat to 
boiling, and after the precipitate has settled, filter off the nickel and 
cobalt sulfides. Evaporate the filtrate to a small volume and precipi- 
tate the manganese by bromine, as described on p. 136, and determine 
as Mn 304 or as MnS 04 . 

This method is described in detail because it is capable of giving ex- 
cellent results. It is well to have accurate gravimetric methods for 
the determination of constituents which are usually determined by the 
more rapid and far simpler volumetric methods. In this way a check is 
obtained upon the accuracy of the volumetric methods. 

The Use of Tannin in Quantitative Analysis 

General Principles. — The name tannin has been given to a widely disseminated 
group of organic substances that are capable of converting raw animal hides into 
leather. Common tannin, or gallotannic acid, Ci4Hio09-2H20, is obtained from 
gall nuts. It has an astringent taste and the character of a weak acid. Its aqueous 
solution is really a colloidal suspension of negatively charged particles and will form 
precipitates, or gels, with positively charged suspensions of certain inorganic com- 
pounds by reciprocal flocculation (see Vol. I). The resulting adsorption complexes 
are voluminous and characteristic precipitates which filter well; upon ignition they 
yield oxide of a metal in a weighable form. 

Tannin as a reagent in quantitative analysis was recommended by Powell and 
Schoeller for separating tantalum from columbium,* and the use of this reagent 
was extended by them and their collaborators to the determination of other ele- 
ments (Ti, Zr, Th, Al, U, and W).! Subsequently Moser and his students studied 
the use of tannin in the analytical chemistry of beryllium and of gallium. J 

The importance of tannin as a precipitant for aluminum, zirconium, hafnium, 
thorium, uranium, titanium, columbium, and tantalum is due to the following facts. 
(1) Under proper conditions the precipitates can be formed from tartrate solutions, 
which is not the case with respect to the precipitation of the hydroxides by ammonia 
(cf. p. 114). Tannin is a general precipitant for the above elements (formerly called 
earths) just as hydrogen sulfide is for the heavy metals. (2) In an oxalate solution, a 
separation into two classes can be made just as with ammonium polysulfide in the 
analysis of sulfides. Here also one of the groups represents oxides which are acid 
in nature (Ta206, Cb206, Ti02), and the other group oxides which are more basic 
(Zr02, Hf02, Th02, AI2O3, BeO, UO3, Cr203, etc.). (3) The colored tannin pre- 
cipitates are characteristic just as are the colored sulfides. (4) With the aid of 
tannin, excellent separations can be made of (a) tantalum from columbium in 
all proportions and (h) small quantities of tantalum and columbium from larger 
quantities of titanium. 

Reagent. — Use a freshly prepared 2 to 5 per cent solution of high-grade, com- 

* Analyst, 60, 485 (1925). 

f Rid., 62 , 504 (1927); 64 , 709 (1929); 67 , 550 (1932); 68 , 143 (1933). 

tMonatsh., 48 , 113, 673 (1927); 60 , 181 (1928); 61 , 181, 325 (1929). 
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mercial gallotannic acid (tannin) in boiling-hot distilled water. The tannin should 
be practically ash-free. 

The following eight procedures illustrate the use of tannin in quantitative analysis. 

1. Precipitation of Aluminum, Zirconium, Thorium, Uranium, 
Titanium, Columbium, and Tantalum from Tartrate Solution* 

Fuse 0.25 g or less of the oxides in a silica crucible with 3 to 4 g of 
potassium bisulfate (cf. p. 120). Dissolve the cold, fused mass in a 
strong solution containing 3 g of tartaric acid. Repeat the fusion if 
necessary. Into 200 ml of the acid tartrate solution thus obtained, 
introduce hydrogen sulfide and add 10 g of NH4CI and 10 g of ammonium 
acetate. Allow the solution to stand for some time in a warm place 
after saturating with hydrogen sulfide, to allow FC2S3 to flocculate. 
Filter, wash the precipitate with water containing a little ammonium 
sulfide and chloride. Boil the filtrate to decompose the ammonium 
sulfide present and add acetic acid dropwise until the 300 to 500 ml of 
solution is faintly acid. Heat to boiling, and while boiling introduce 
tannin solution (1 to 3 g of tannin). Keep the solution on a covered 
water-bath for an hour and filter, with the aid of gentle suction, through 
an 11-cm washed filter supported on a filtering cone. Before the pre- 
cipitate becomes compressed and furrowed by suction, rinse it back to 
the original beaker with a liberal stream of wash liquor (2 per cent 
NH4CI solution containing a little tannin). Churn up the precipitate 
with some ashless filter pulp (p. 98), return to the filter, wash thor- 
oughly with the wash liquor, and use a rubber policeman and a little 
paper pulp to remove the last traces of precipitatic from the wjills of the 
beaker. 

If the precipitate is not very bulky, the use of suction is unnecessary. 

Dry the washed precipitate in a crucible placed on an asbcistos mat 
until the paper is well charred (cf. p. 39), and then ignite with the 
crucible on a triangle. Cool the crucible, cover with a watch glass, and 
half fill it with 0.5 A FICl. Heat half an hour on the steam-bath, make 
the resulting solution alkaline to methyl red by adding ammonia, filter, 
wash with 2 per cent ammonium nitrate solution, and ignite to constant 
weight of oxides. 

The leaching of the precipitate after the first ignition ensures the (iomplete re- 
moval of alkali salts and of sulfate; this is difficult to effect with bulky pre(upitatC8. 

The filtrate from the tannin precipitate should be tested for (‘.omplcte prc(upita- 
tion as follows: Heat to boiling, treat with 0.5 g of tannin, and make feebly ammoni- 
acal This causes the formation of a discolored precipitate, which should be soluble 
on slight re-acidification, leaving only small dark flocks of organic matter. If not, 

* 8ohoeller and Webb, Amlystj 64, 709’ (1929). 
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the additional precipitate must be collected, washed, and added to the main pre- 
cipitate. 

The tannin complexes of Al, Zr, and Th are colorless; those of Ti and Cb, red; 
those of W and U, brown; and the Ta precipitate, yellow. Ferric salts give a pre- 
cipitate of an intense purplish black color. The above procedure provides for the 
removal of iron as sulfide. Tungsten interferes because, although it is not precipi- 
tated alone by tannin from tartrate or oxalate solutions, it is adsorbed to a consid- 
erable extent by the other precipitates. 

2. Separation of Iron from Aluminum* 

The above method is a reliable and convenient means for separating 
iron from less than 0.05 g of alumina. The alumina-tannin complex is 
too bulky to handle when larger quantities of alumina are present, and 
in such cases an aliquot part of the solution should be taken. The 
weight of tannin used should be at least 20 times that of the AI2O3 ob- 
tained by igniting the tannin precipitate; at least 0.5 g of tannin should 
always be used. 

3. Separation of the Acid Tannin Group (Ti02, Ta 205 , Cb 205 ) from the 
Basic Tannin Group (AI2O3, Zr02, Th02, UO3, BeO)t 

Principle. — The members of the ‘'acid tannin group are precipitated as tannin 
complexes in a feebly acid oxalate solution which is half-saturated with ammo- 
nium chloride; the members of the basic tannin group are not precipitated unless 
ammonia is added. The process gives a clean-cut separation of any one or all of 
the members of one group from one or more members of the other. 

Procedure. — Fuse the mixed oxides (up to 0.25 g) with potassium acid sulfate as 
in the first procedure. Dissolve the cold, fused mass in 75 to 100 ml of saturated 
ammonium oxalate solution. To the boiling solution add N NH4OH until a faint 
cloudiness forms, and at once dissolve this in as little HCl as possible; the solution 
should now be acid to litmus. Add an equal volume of saturated NH4CI solution 
and continue boiling while introducing dropwise a fresh 4 per cent solution of tannin. 
The quantity of tannin used should be 10 to 12 times the weight of “acid oxides” 
present. 

Allow the tannin precipitate to stand on a hot plate for an hour before filtering. 
Filter the precipitate as directed on p. 176 in Method 1 , but this time use as wash 
liquor a solution containing 5 per cent NH 4 CI and 1 per cent (NH 4 ) 2 C 204 . Ignite 
the washed precipitate in a tared porcelain crucible. 

Always test the filtrate for complete precipitation as follows: Heat to boiling, 
neutralize with N NH4OH, and treat with tannin dropwise until a slight precipitate 
is formed. If this is grayish or brownish gray, and soluble on slight acidification, 
the precipitation of the “acid group” is complete; if yellow or pale orange in color, 
some of the “acid group” remains. In this case, add tannin under the conditions 
given above and add the new precipitate to that previously obtained. 

To test the weighed precipitate of “acid oxides” for members of the “basic” 

* Schoeller and Webb, loc. cit. 

f Schoeller and Powell, Analyst^ 67, 550 (1932), 
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group, repeat the entire procedure using the same quantity of tannin as in the first 
case. The weight of the new precipitate should be substantially the same as that 
obtained in the first place. Leach these oxides with 0.5 N HCl and continue as 
in Method 1 and finally obtain a weight of purified oxides. 

Then, to determine oxides of the “basic” group, take the combined filtrates from 
the tannin precipitations, add more tannin to the boiling solution and a moderate 
excess of ammonia. Filter off the tannin precipitate, wash it with 2 per cent NH4CI 
solution, and ignite to constant weight of oxides. This weight is usually somewhat 
high owing to a little Si02 from the vessels used in the analysis or from the reagents. 
To correct for this, fuse with IVHSO4, dissolve the melt in 0.5 N H2SO4, filter off the 
insoluble residue, ignite, and call it Si02. Make a corresponding reduction from the 
weight of the “basic” oxides. 

4. Separation of Tantalum from Columbium* 

Principle. — Tantalum and columbium are precipitated (lomplei-ely from an 
oxalate solution on adding an ex(!ess of tannin solution and neutralizing with am- 
monia (see 3); by properly regulating the quantities of reagents, it is possible to 
accomplish a quantitative separation of these two elements. Tantalum requires 
less tannin than columbium does and the precipitate forms in a more acid solution. 
The tantalum complex is yellow and the columbium ciornplex is red ; (lo-precipitation 
of the columbium with tantalum is indicated by the orange-yellow to orange-red 
color of the tannin precipitate. The progress of the precipitation, therefore, can be 
controlled by watching the color of the precipitate. It is impossible, however, to 
effect a quantitative separation by means of a single preci]:)itation if less tantalum 
than columbium is present. 

Schoeller has devised a scheme of analysis which furnishes (.1) a yellow tannin 
precipitate containing tantalum and no columbium (2) an orange to red ])reci])itate 
containing both tantalum and columbium, and (3) a filtrate (containing (iolumbium 
and no tantalum. A complete separation is a(U‘,omf>li8hed by systematica rctreatment 
of the orange to red precipitate whereby three fractions arc obtaimid again, the 
middle fraction is fractionated, and the process repeated until finally all the tanfalum 
is obtained in the form of a yellow tannin precipitate. The actual working out of 
the method involves directions which are too lengthy to be given here; the original 
paper should be consulted for details. 

6. Separation of Small Quantities of Tantalum and Columbium from 

Titaniumf 

PmapZe. — Titanium oxide is amphoteri(j and forms a sulfate, whereas the 
earth acids, Ta206 and CbaOs, do not. A solution of tannin in dilute sulfuric acid, 
placed in contact with the product formed by fusing TiOo, Ta'/)c, and 01)206 with 
KHSO4, dissolves Ti(S04)2, leaving behind the Ta206 and CboOe. If tannin is not 
present, all three oxides dissolve in the sulfuric a(ud. 

Procedure. — Fuse 0.1 to 0.25 g of the mixed oxides with 2 to 3 g of 
KHSO4 in a silica crucible and make the melt solidify around the sides 


* Schoeller, Analyst, 67, 750 (1932). 
t Schoeller, ibid., 64, 453 (1934). 
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of the crucible. Pour some of the hot reagent (1 per cent tannin in 
1.8 iV H2SO4) into the crucible and heat gently until the melt becomes 
detached. Transfer the contents of the crucible to a small beaker, 
rinse out the crucible with more of the hot reagent, heat the liquid just 
to boiling, and then, without further heating, allow the mixture to stand 
for some hours or over night. Filter, wash the residue with 0.5 N H2SO4 
containing a little tannin, ignite, and weigh the residual Ta 205 and 
CbsOs.* 

If the weighed oxides are again fused with a small amount of KHSO4 and the melt 
dissolved in a little tartaric acid solution, then on boiling with one-quarter the liquid’s 
volume of concentrated sulfuric acid, a characteristic, white precipitate of earth acids 
will be obtained (cf, VoL I). 

The above process is very simple and rapid but not suitable for the separation of 
large quantities of earth acids from titania. In such cases recourse must be had to 
the oxalate-salicylate method, f In principle, this method consists in dissolving 
the bisulfate melt of the mixed oxides in ammonium oxalate solution and adding an 
excess of sodium salicylate, wdiereby the titanium is converted into soluble, orange- 
colored sodium titanylsalieylate. The solution is then precipitated with excess 
of calcium chloride, the precipitated calcium oxalate carrying down the insoluble 
salicylic complexes of the earth acids. 

6. Determination of Small Quantities of Tungstic AcidJ 

Principle. — When a dilute solution of sodium tungstate containing sodium or 
ammonium chloride is treated with tannin, and acidified, the tungstic acid is pre- 
cipitated as the brown tannin complex. A small part of the tungsten complex re- 
mains in colloidal suspension. Addition of the salt of an alkaloid such as cin- 
chonine produces a flocculent cinchonine tannin complex which acts as a collector 
of the colloidal tungsten precipitate. 

This method replaces the mercurous nitrate precipitation process; it solves the 
problem of the recovery of small quantities of tungstic acid from solution. It is 
also to be preferred to the cinchonine precipitation method, which gives low results 
in the presence of much alkali salt. 

Procedure. — To 100-150 ml of slightly alkaline solution, such as is 
obtained after fusing with NaaCOs and extracting with water, add dilute 
HCl until neutral to phenolphthalein and a fresh solution of 0.5 g 
tannin in a little water. Part of the tannin will form a white turbidity if 
much chloride is present. Now make acid to litmus paper, which will 
cause the brown WO3 and tannin complex to appear. After a few 
minutes, heat to gentle boiling and add 10 ml of 2.5 per cent cinchonine 
solution. Boil 5 minutes longer, and let stand 6 hours or over night. 

* If the proportion of titania in the mixed oxides is very high, the pentoxides 
should be retreated. 

t Schoeller and Jahn, Analyst, 67, 72 (1932). 

t Schoeller and Jahn, iUd., 62, 504 (1927). 
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Filter with the aid of filter-paper pulp and wash with a cold 5 per cent 
NH4CI solution containing a little tannin. Pay no attention to a white 
turbidity that may form in the filtrate. Ignite in a tared porcelain 
crucible, and weigh the residual WO3. 

7. Beryllium 

Beryllium belongs to a third tannin group, the members of which (Be, Mn, Ce, 
and Y furnish tannin complexes precipitated in the presence of an excess of ammo- 
nia, and soluble in dilute acetic acid).* 

Moser and Listf base a separation of beryllium from a number of metals of 
Group III upon the solubility of its tannin complex in acetic acid. The solution 
is treated with hydrogen sulfide for the removal of heavy metals, and the filtrate 
is boiled with addition of bromizie for the oxidation of ferrous iron. After neu- 
tralization with sodium carbonate, the solution is hydrolyzed in the presence of 
ammonium nitrite and methyl alcohol (p. 07). The precupitiito, whicdi contains 
beryllia and sesquioxides and dioxides of Group III, is dissolved in nitric add. The 
solution is neutralized with ammonia, treated with ammonium acetate and nitrate, 
and acidified with acetic acid. Addition of tannin to the boiling solution precipi- 
tates Al, Cr, Fe, Ga, Ti, Zr, and V. Beryllium passes into the filtrate, from which 
it is recovered by tannin and an excess of ammonia. 

8. Gallium 

Moser and BruklJ found tannin to be the best and most sensitive precipitant for 
gallium. The boiling, weakly a-cid ac^ctate solution (X)ntaJning 2 per cent of am- 
monium nitrate is treated drop by droj) with 10 per (tent tannin solution while 
stirring. At least 0.5 g of tannin should be added. The bulky prc<ipi(,a,tc is wjished 
with hot water (tontaining a little ammonium nitrate and acetic Jidd, and ignifxtd 
to Ga 203 . The procedure separates gallium from zinc, whicth is of practical im- 
portance because gallium ocaturs in zinc ores. The separation of gallium from 
aluminum is effected with cupfcrron.§ 


* Schoeller and Webb, Analydy 59, GOO (1934). 
t Monatsh., 61, 181 (1029). 
t Ihid., 60, 181 (1928). 

§ Ihid.y 61, 325 (1929). 
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METALS OF GROUP H 

MERCURY, LEAD, BISMUTH, COPPER, CADMIUM, ARSENIC, 
ANTIMONY, TIN (PLATINUM, GOLD, SELENIUM, 
TELLURIUM, MOLYBDENUM, GERMANIUM, 

TUNGSTEN, AND VANADIUM) 

A. SULFO-BASES 

MERCURY, LEAD, BISMUTH, COPPER, CADMIUM 
Mercury, Hg. At Wt 200.6 
Forms: HgS, Hg 2 Cl 2 , and Hg 
Determination as Sulfide 

(a) Precipitation with Hydrogen Sulfide 

The solution should contain not over 0.1 g of mercury as mercuric 
salt in a volume of 100 ml and should contain no oxidizing substances 
(FeCls, Cl, much HNO 3 , etc.). Saturate with hydrogen sulfide in the 
cold, allow the precipitate to settle, filter through a Gooch crucible, 
wash with cold water, dry at 105°-110° C, and weigh as HgS. 

Remark. — This method affords excellent results and should be used whenever 
possible. Unfortunately, however, it is not always applicable, for most solutions 
to be analyzed contain strong nitric acid (obtained by the solution of impure mercuric 
sulfide in aqua regia, by the decomposition of organic mercury compounds by the 
method of Carius, or by the oxidation of mercurous salts). It is not possible to expel 
the excess of nitric acid by evaporating the solution with hydrochloric acid, because 
considerable amounts of mercuric chloride are volatilized with the escaping steam. 
In such a case the following procedure suggested by Volhard should be used: 


(5) Precipitation with Ammonium Sulfide 

Nearly neutralize the acid solution of the mercuric salt with pure 
sodium carbonate and treat with a slight excess of freshly prepared 
ammonium sulfide. Add pure sodium hydroxide solution (free from 
Ag, AI 2 O 3 , and Si 02 ) while rotating the solution, until the dark liquid 
begins to lighten; then heat to boiling and add more sodium hydroxide 
until the liquid is perfectly clear. The solution now contains the 
/SNa 

mercury as sulfo-salt, Hg^^ . Add ammonium nitrate (5 g for each 


100 ml), boil the solution until the ammonia is almost entirely expelled, 
and allow the precipitate to settle. By means of the boiling with am- 
monium nitrate, the sulfo-salt is decomposed according to the equation : 

Hg(SNa )2 + 2 NH4NO3 = 2 NaNOs + (NH4)2S + HgS 
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Decant the clear 
precipitate by deca 
longer reacts with 



Hot 

Water 

Pm. 41. 


LiU l/iiC VjI — 

the precipitate contains free sulfur, boil it with a 
little sodium sulfite before filtering.* 

A still better way of removing free sulfur from 
the precipitate consists of extracting with carbon 
bisulfide. In this case filter off the mercuric sul- 
fide, together with the sulfur, through a Gooch 
crucible, wash thoroughly with water and then 
three times with alcohol. Now place the crucible 
upon a glass tripod in a beaker containing some 
carbon bisulfide (Fig. 41). f Support the beaker 
over a vessel filled with hot water and cover it 
with a round-bottomed flask containing cold water 
to serve as a condenser. After about an hour the 
sulfur will be completely extracted. Remove the 


carbon bisulfide from the precipitate by washing once with alcohol and 


once with ether. Drive of! the ether by gently warming, dry the pre- 


cipitate at 110° C, and weigh as HgS. 


Determination of Mercury in Non-Electrolytes 

If it is desired to determine mercury in an orgtinic non-electrolyte, 
decompose the compound by the method of Carius (sec Elementary 
Analysis) by heating in a closed tube with concentrated nitric acid, and 
precipitate the mercury as sulfide by thcj method of Volhard; or to the 
acid solution add pure sodium hydroxide solution to alkaline reaction 
and then enough pure potassium cyanides to dissolve ih(^ nuTcuric 
oxide. Now saturate the solution with hydrogen sulfide, add ammonium 
acetate, boil the solution until the ammonia is almost entirely ('.xpcdled, 
allow the precipitate to settle, filter, and wa,sh first with hot water, 
then with hot dilute hydrochloric acid, and finally with watcu*. After 
drying at 110° C, weigh the precipitate of mercuric sulfide. 

By boiling with sodium sulfite, the sulfur is changed to sodium i-hiosulfate, 
NaaSOa + S = Na2S203. 

t G. Vortmann, Uehungsheispiele am der quantitativen chemuchen Analyse, p. 28, 
Vienna, 1899. 
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Determination as Mercurous Chloride 

For the analysis of a solution containing b,. mercurous salt, treat the solution, at 
a volume of 100 ml for each 0.1 g of mercury, with a slight excess of sodium chloride 
solution. After standing 12 hours filter through a Gooch crucible, dry at 105° C, 
and weigh as Iig 2 Cl 2 . If the solution contains a mercuric salt, first reduce it by the 
method of H. Rose, using phosphorous acid in the presence of hydrochloric acid as 
follows: 

To the solution of mercuric salt (which almost always contains nitric 
acid) add some hydrochloric acid, enough water to make the volume 
at least 100 ml for each 0.1 g of mercury, and an excess of phosphorous 
acid. After standing for 12 hours filter off the precipitate through a 
Gooch crucible, dry at 105°, and weigh. 

Remarlc. — The results obtained by this method are always about 0.4 per cent 
too low, but in spite of this fact the method is to be recommended. 

The phosphorous acid necessary for this method can be obtained by the oxidation 
of phosphorus in moist air or by the decomposition of phosphorus trichloride with 
water, evaporating the solution to remove the hydrochloric acid and dissolving the 
residue in water. 


Determination as Metal 

Nearly all mercury compounds except the iodide are decomposed 
quantitatively by heating with lime : 

2 HgX + 2 CaO = 2 CaX + 2 Hg + O 2 

To carry out this determination,* take a glass tube 50 cm long and 
1.5 cm wide, open at both ends, and near one end place an asbestos 
■ plug, follow this with an 8-cm layer of pure lime, then an intimate 
mixture of a weighed amount of substance with lime, and finally a layer 
of lime 30 cm long. At the other end of the tube insert another asbestos 
plug. After the tube has been filled, draw out the tube at the end 
nearest this second asbestos plug until it is only 4 cm wide. Connect 
this end of the tube by means of rubber tubing with the empty, narrower 
arm of a very small Peligot tube. Loosely fill the other and wider 
end of the Peligot tube with pure gold-leaf. Place the glass tube in a 
combustion-furnace and pass illuminating-gas (carbon dioxide is less 
suited) through it for half an hour. Then heat the tube, at first where 
the 30-cm layer of lime is, then light the other burners one after another 
until finally the entire contents of the tube are subjected to gentle 
ignition. During the whole of the operation pass illuminating-gas 
through the apparatus at the rate of about three bubbles a second. 
The greater part of the mercury collects in the lower empty end of the 

' First proposed by Erdmann and Marchand, J. praht. Chem., 31 , 385. 
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Peligot tube, and the mercury vapors, that are carried further, amal- 
gamate with the gold. A small amount of the mercury condenses in 
the drawn-out tube. After cooling the apparatus (in a current of 
illuminating-gas) cut off the narrow part of the tube both sides of the 
condensed mercury and weigh. Then heat gently, while passing air 
through the tube to volatilize the mercury and again weigh. The differ- 
ence in weight gives the amount of mercury condensed in the combustion 
tube. The Peligot tube is usually moist; pass dry air through it for 
some time, and finally weigh it. The gain in weight represents the 
weight of mercury that amalgamated with the gold. 

Although it is easy to obtain good results by this method, it is slower 
than the sulfide method and is no more accurate. 

If it is desired to determine the amount of mercury vapor present in 
a given space, it is only necessary to aspirate the gas through a cal- 
cium-chloride tube filled with gold-leaf. The gain in weight of the 
latter shows the amount of mercury present in the gas. 

Electrolytic Determination of Mercury* 

Mercury can be determined satisfactorily by the electrolysis of acid, neutral, or 
alkaline solutions. The metal is deposited in the form of little drops, which, when 
the quantity is small, adhere to the electrode, or, when lar^-er amounts are present, 
the mercury may collect at the bottom of the platinum dish used as (;a,fiiO(le. 

The electrolysis takes place to. advantap;e in solutions slightly a.(;id with nitric 
acid. 

Procedure. — To 150 ml of the neutral or slightly acid solution of 
the mercurous or mercuric salt in a beaker, add 2 or 3 ml of concen- 
trated nitric acid, and electrolyze with a platinum gauzes (doctrode at 
room temperature with a current of 0.05-0.10 ampere. The voltage 
should be between 3.5 and 5 volts. If the (dc^itrolysis is started at 
night, it will be finished next morning, provided the amount of mercury 
does not exceed 1 g. By using a current of 0.6-1 ampere the electrol- 
ysis is finished at the end of 2 or 3 hours. At the end of the electrolysis, 
wash the metal with water without interrupting the current, them with 
alcohol, t and dry by touching it with filter paper. Finally keep it in a 
desiccator J over fused potassium hydroxide and a small dish of mcjrcury 

* Luckow, Z. anal Chem., 19 , 15 (1S80); Smith and Kncrr, Am, Chem. 8 , 
206; F. W. Clarke, Ber,, 11 , 1409 (1878); Eiidorff, Z. angew. Cfum., 1894 , 388; 
Classen and Ludwig, Ber., 19 , 324 (1886); G. Vortmann, Ber., 24 , 2750 (1891). 

t It is usually stated that alcohol is not to be used, but with gauze electrodes it 
does no harm. 

t Private communication from A. Miolati, <;f. BorelH, Revuto iecnica, V, Part 
7 (1905). Even at 20“ the tension of mercury vapor is considerable. It amounts 
CO 0.00133 mm. 
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for several hours. In this way correct results are obtained. Drying 
at 100° and then over sulfuric acid in a desiccator gives rise to low results 
because the acid absorbs considerable mercury vapor. 

During the electrolysis of mercuric chloride* the solution often be- 
comes turbid in consequence of the formation of insoluble mercurous 
chloride; this does no harm, however, as the metal is subsequently 
deposited on the cathode. 

Mercury can also be electrolyzed from a solution in potassium cya- 
nide in the presence of some caustic alkali, and similarly from a solu- 
tion formed by dissolving mercuric sulfide in 50-60 ml of concentrated 
sodium sulfide solution. 

The great advantage of the electrolytic determination of mercury 
lies in the fact that good deposits are obtained irrespective of the nature 
of the acid radical, or element, which is combined with mercury. 


Lead, Pb. At Wt. 207.2 

Forms: PbO, PbS 04 , Pb02, and in rare cases PbCbf 
1. Determination as Lead Oxide, PbO 

If the lead is present as carbonate, nitrate, or peroxide, it is only 
necessary to ignite a weighed portion in a porcelain crucible over a 
small flame and weigh the residue. The treatment of the nitrate re- 
quires care, because on rapid ignition the mass decrepitates. 

2. Determination as Lead Sulfate, PbS 04 

If the lead is present in solution in the form of its chloride or nitrate, 
add an excess of dilute sulfuric acidj and evaporate the mixture on the 
water-bath as far as possible, then over a free flame until dense white 
fumes of sulfuric acid are evolved. Cool, dilute with 15 volumes of 
water, stir, allow to stand some hours, and filter through a Gooch cru- 

in the electrolysis of the chloride, it is better to use a platinum dish with dull, 
unpolished inner surface (Classen) because then any mercurous chloride will cer- 
tainly be reduced to metal, which is not always the case with gauze electrodes. 
When a dish is used as cathode, wash the electrode with water, without breaking 
the current, by pouring water into it from a wash-bottle while the solution is being 
siphoned off. As soon as the ammeter (or voltmeter used as an ammeter) reaches 
the zero-mark, the washing is finished. Turn off the current, pour off the solution 
carefully, dry the electrode as above and weigh. 

f See Analysis of Vanadinite. 

i The solution at the time of filtering should contain about 5 per cent of free 
sulfuric acid. 
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cible. Wash at first with 8 per cent sulfuric acid (by weight), then 
with alcohol, and dry at 100°. Place the Gooch crucible in a larger 
porcelain crucible, provided with an asbestos ring, and ignite over the 
full flame of a Teclu or Tirrell burner. 

If it is desired to use an ordinary filter, finally wash the precipitate with alcohol 
until the wash liquid no longer gives the sulfuric acid reaction, dry, transfer as much 
of it as possible to a piece of glazed paper, and cover it with a watch glass. Ignite 
the paper together with some precipitate in a tared porcelain ctucible. The hot 
carbon will reduce some of the PbSO-t to Pb. Moisten with nitric acid and a drop 
of H2SO4, and heat carefully until all excess acid is evolved. Then add the bulk of 
the precipitate and heat again. 

If the lead is originally present as acetate, treat the solution with, an excess of 
dilute sulfuric acid and twice its volume of alcohol, filter after standing some hours, 
and treat the precipitate of lead sulfate exactly as described above. 

To determine the lead present in organic compounds, place the substance in a 
large porcelain crucible, treat with an excess of concentrated sulfuric acid, and very 
cautiously heat in the covered crucible over a free flame until the sulfuric acid is 
completely expelled. Then gently ignite the crucible; if the residue is white, it is 
ready to be weighed. Otherwise add more sulfuric acid and repeat the process until 
finally a white residue is obtained. 

If the organic lead compound is soluble in water, it is preferable first to precipitate 
the lead by means of hydrogen sulfide and then transform the precipitate into 
sulfate. For this purpose, place as much as possible of the washed and dried lead 
sulfide precipitate upon a watch glass, heat the filter and remainder of the precipitate 
in a large porcelain c!rucible, whicih is supported in an inclined i:)osition. Heat 
carefully over a small flame until the filter paper is completely consumed. Add 
the main part of the precipitate to the crucible, cover with a watch glass, and treat 
with concentrated nitric acid at the temperature of the water-bath. When t-he main 
reaction is over, repeat the treatment with strong nitric a(ad until the contents of 
the crucible are pure white in (a)lor. Then remove the wat(^h glass, add 5 or 10 drops 
of dilute sulfuric^ acid, and evaporate the liquid as fa.r as possible on the water-bath. 
Remove the excess of sulfuric acid by heating on the air-bath (cf. Fig. 14, p. 37), and 
weigh the lead sulfate. Should the precipitate l)e dark (jolorcd aft-cr the ignition, 
moisten it with concentrated sulfuric, acid and again expel the exetess of acid. 

If the lead is present in an organic compound which is not (aipa,ble of dissexaation, 
the compound should be decomposed in a closed tube with strong nitric acid a^^(!()rding 
to the method of Carius (see Determination of Chlorine), finally washing out the (lon- 
tents of the tube, adding sulfuric acid, and treating the precipitate as above described. 

Separation of Lead Sulfate from Barium Sulfate and Silicic Acid 

In the analysis of sulfide ores containing lead, it is customary to 
dissolve the finely powdered ore in nitric acid, or aqua regia, and to 
remove the volatile acids by evaporation with sulfuric acid, eventually 
heating over the free flame until fumes of sulfuric acid come off thickly. 
The sulfuric acid should be diluted with an equal volume of water be- 
fore adding it to the original solution; usually 10 ml of the diluted acid 
is sufficient. After the evaporation, allow the moist residue to cool, 
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add 100 ml of water, and filter off the precipitate, washing it with 5 
per cent sulfuric acid. The precipitate contains all the lead as sulfate 
but often contains silica and barium sulfate (also strontium sulfate 
and sometimes calcium sulfate). If only a little impurity is present, 
treat the precipitate with hot ammonium acetate solution (made by 
neutralizing QN acetic acid with QN ammonia, and leaving the mixture 
barely ammoniacal). When the precipitate is large in amount it is 
best to wash it into a beaker or flask and heat it with about 20 ml of 2 JV 
ammonium acetate solution (or enough to dissolve all the lead sulfate), 
then filter through the original filter, and wash with hot ammonium 
acetate solution and finally with hot water until the filtrate gives no 
blackening with ammonium sulfide. Small precipitates of lead sulfate 
can be dissolved on the filter. The silica and barium sulfate will 
remain undissolved, but calcium sulfate will follow the lead sulfate. 

To obtain lead from the acetate solution, precipitate it as sulfide by 
hydrogen sulfide, and transform, after drying, into sulfate as described 
on p. 186. Or add 10 ml of 18 iV sulfuric acid to 100 ml of the am- 
monium acetate solution, remove the acetic acid by evaporation, allow 
the residue to cool, dilute with water to 100 ml, and filter the lead sul- 
fate into a Gooch crucible. Wash the precipitate with cold 5 per cent 
sulfuric acid, heat in an air-bath, and weigh. 

If the amount of ammonium acetate solution used is not too large, 
the lead may be precipitated by adding enough sulfuric acid to the 
acetate solution to make the solution contain from 5 to 10 per cent sul- 
furic acid by weight. Sometimes the precipitate is not pure lead sul- 
fate, in which case it should be redissolved in ammonium acetate and 
the precipitation as sulfate repeated. 

With lead ores containing more substantial amounts of alkaline-earth 
sulfates, evaporation of the nitric solution of the ore with sulfuric acid 
gives a residue of sulfates containing a variable amount of lead in the 
form of a mixed precipitate (Ba, Pb)S 04 , insoluble in ammonium acetate. 
Such ores should be decomposed with hydrochloric and a little nitric 
acid, the liquid evaporated to dryness, the residue digested with 20 ml 
of strong hydrochloric acid, and the acid diluted to 200 ml with hot 
water. Then, after filtering and thoroughly washing with hot water to 
dissolve all the lead chloride, the silica and barium sulfate will remain 
insoluble. Treat the filtrate with hydrogen sulfide to precipitate PbS, 
and after extraction of antimony sulfide, etc., if present, with sodium 
sulfide, dissolve in HNOs and convert into sulfate as described in the 
preceding paragraph. 
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3. Electrolytic Determination of Lead as Peroxide (Pb02) 

Lead can be deposited as metal upon the cathode by the electrolysis of solutions 
containing the complex oxalate, the acetate, the hydroxide dissolved in caustic al- 
kali or the phosphate dissolved either in caustic alkali or in phosphoric acid, d. 1.7. 
The deposit is easily oxidized, and there is always danger of some lead peroxide being 
formed on the anode. No method for the electrolytic determination of lead is as 
satisfactory as that depending upon the deposition of all the lead, as Pb 02 , on the 
anode by the electrolysis of a nitric acid solution. The concentration of the nitric 
acid may be such that no copper will be deposited on the cathode, or more dilute 
nitric acid may be used and the copper determined simultaneously. 

Procedure. — Transfer the neutral solution of lead nitrate, contain- 
ing not more than 0.5 g lead, to a platinum dish whose inner surface is 
unpolished (as recommended by Classen), add 20-30 ml of 15 N pure 
nitric acid, dilute to 150-200 ml, and electrolyze in the cold with a 
current of about 0.5-1 ampere at 2-2.5 volts. When the electrolysis 
is carried out in the cold, all the lead will be deposited as the peroxide 
at the end of 2| or 3 hours. Only an hour or an hour and a half is re- 
quired if the temperature of the cell is kept at 50°-60°. If it is desired 
to let the electrolysis run over night, a current of 0.05 ampere is sufficient. 

A suitable arrangement of the electrolytic apparatus is shown in 
Fig. 42, but the dish should in this case serve as anode and the platinum 


- B + 



spiral as cathode, although the drawing is marked otherwise. The 
resistance W is made by taking about 10 m of nickel wire of about 0.5- 
mm diameter, fastening it to a board as shown in the drawing, and con- 
necting the wires in pairs by means of a brass hook, of which only one is 
shown in the sketch. By suitably moving these hooks it is possible to 
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vary the resistance at will. Instead of this arrangement, any good 
rheostat may be used; such an apparatus is more convenient but also 
more expensive. At the end of the electrolysis, which is shown by 
the fact that dilution with a little water so as to expose a fresh sur- 
face of platinum causes no yellowish brown coating to appear at the 
end of half an hour, wash the dish without breaking, the current. This 
•^is accomplished by introducing distilled water while the solution is 
being siphoned off. It is important in this operation to keep the de- 
posit of lead peroxide completely covered with liquid. When the 
solution that is being siphoned off no longer reacts acid, or at least 
only barely acid, the washing is complete and the circuit can be broken. 
Finally wash the dish once more with distilled water, dry at 180°, 
and weigh. The results obtained are usually slightly high on account 
of the lead peroxide not being completely anhydrous when dried at this 
temperature. It is well, therefore, to heat the dish gently over the 
free flame before weighing, thereby readily converting the peroxide into 
lead oxide, PbO.* 

Remark. — By employing a stronger current and keeping the solution warm during 
the electrolysis, the deposition is complete in much less time, but according to the 
author's experience the results obtained are not as satisfactory. By rotating one of 
the electrodes and using a stronger current, the deposition can be made to take 
place in a short time. The use of a gauze anode is not advisable with quantities 
of lead exceeding 0.1 g because the deposit does not adhere well and is likely to fall 
off on washing and on drying. When the gauze electrode is used, place the elec- 
trode in a small beaker so that any deposit that falls off during drying will be saved. 
If a little lead deposits on the cathode, this is remedied by stopping the current for 
a short time, toward the end of the electrolysis. To cleanse the electrode use a 
mixture of dilute nitric acid and some sodium nitrite. 

Besides the above-mentioned forms, lead is also determined as the chromate (cf. 
p. 203) and sometimes as the chloride. 

Bismuth, Bi. At. Wt. 209.0 
Forms: BiP 04 , BiOCl, Bi 203 , Bi2S3, Bi 
1. Determination as Bismuth Phosphate, BiP 04 

It is generally agreed that the determination as phosphate is the 
most satisfactory method that has been proposed for determining 
bismuth, f 

Treat the cold solution containing no chloride and not more than 
0.5 g of Bi at a volume of not over 100 ml with strong ammonia until a 

■ * Cf. W. C. May, Z. analyt Chem., 14 , 347 (1875). 

t L. Moser, Die Bestimmungsmethoden des Wismuths, Stuttgart, 1909. W. R. 
Schoeller and E. F. Waterhouse. Analyst, 45 , 435 (1920). 



190 


GRAVIMETRIC ANALYSIS 


slight permanent precipitate is obtained. Dissolve this in 2 ml of 6 iV 
nitric acid. Heat to boiling, and to the boiling solution add, while 
stirring constantly, 10 per cent diammonium phosphate solution from a 
buret, using 20 ml for 0.05 g, 30 ml for 0.1 g, 40 ml for 0.2 g, and 60 ml 
for 0.4-0.5 g of Bi. When the required volume of phosphate has been 
added, dilute to 400 ml with boiling water and allow to stand 10-15 
minutes on a hot plate or water-bath. Decant through a weighed Gooch 
crucible, and wash the precipitate with 3 per cent ammonium nitrate 
solution containing a few drops of nitric acid per liter. Dry, ignite 
gently inside another crucible, and weigh as BiP 04 . 

Determination of Bismuth in Ores 

Digest 1 g of the powdered sample with 15 ml of concentrated hydrochloric acid. 
Add concentrated nitric acid to dissolve any sulfide and evaporate nearly to dryness. 
Add 10 ml of nitric acid and again evaporate. Take up the residue in 15 ml of 
strong hydrochloric acid and dilute with water to about 50 ml Filter off the sili- 
cious residue and wash with normal hydrochloric acid. 

If lead is present, add 1-2 g of fine iron wire and heat at the boiling temperature 
for 10-20 minutes. If lead is absent omit this treatment and precipitate with hy- 
drogen sulfide at once. 

Filter off the metallic bismuth and excess iron, wash with hot water, and return to 
the original beaker. Dissolve in a little hot hydrochloric acid and a few drops of 
bromine. When all the bismuth has dissolved, boil off the excess bromine and dilute 
until the solution is about 0.3 N in hydrochloric acid. Saturate this solution wdth 
hydrogen sulfide, filter, and wash with very dilute acid containing hydrogen sulfide. 
Return the sulfide precipitate to the beaker, and treat with hot 2 N sodium hy- 
droxide and hydrogen sulfide, adding some fresh sodium cyanide solution if c.opper is 
present. Filter through the same filter, and w^ash with hot, dilute sodium sulfide 
solution. Spread the filter against the side of a beaker and rinse off the precipitate 
of bismuth sulfide. Clean the paper with hot QN nitric acid and then discard it. 
Add more nitric acid to dissolve all the precipitate and evaporate the resulting 
bismuth nitrate solution until the sulfur has fused to a tra,nsi)aront globule. Do not 
use bromine at this stage or low results will be obtained. Filter off the sulfur through 
a small filter and precipitate the bismuth as phosphate by the procedure described 
above. 


2. Determination of Bismuth as Basic Chloride, BiOCl 

To the hydrochloric acid solution, which must not contain any phos- 
phoric acid and preferably no sulfuric acid, add ammonia water until 
further addition will cause precipitation. Dilute with considerable 
water, stir, and allow the precipitate to settle. To the clear, super- 
natant solution add more water and rep(^at this treatment until further 
dilution causes no more precipitation. If nitric acid was present in the 
solution use dilute ammonium chloride solution instead of pure water. 
Filter, wash with hot water, dry at 105°, and weigh. 
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Remark. — This is one of the simplest methods for determining bismuth and is 
much used in practice. Antimony and tin must be absent. 

3. Determination as Bismuth Oxide, Bi 203 

Solid bismuth nitrate or carbonate is readily changed to the oxide by gentle ig- 
nition. When bismuth, however, is present in solution as the nitrate, it should be 
first precipitated as the basic carbonate and this changed by ignition to the oxide. 

Procedure. — Dilute the solution with water (if a turbidity ensues it 
makes no difference) so that not more than 0.1 g of metal is present 
in 150 ml, add a shght excess of ammonium carbonate solution, heat to 
boiling, and allow the precipitate to settle. Filter, wash the precipitate 
with hot water, dry, ignite,* and weigh as Bi203. If the solution from 
which the bismuth is to be precipitated contains besides nitric acid 
other acids (HCl, H2SO4, etc.), the precipitate produced by ammonium 
carbonate always contains basic salts which cannot be converted to the 
oxide by ignition. 

4. Electrolytic Determination of Bismuthf 

Dilute the solution of the nitrate to about 100 ml. Too much acid 
should not be present but just enough to prevent the formation of 
insoluble basic salt; not more than 2 ml of concentrated acid should 
be used. Heat to boiling and electrolyze with a gauze cathode and with 
the electrodes connected directly to the two poles of a 2-volt storage 
cell. The electrolysis requires 2-3 hours with 0.3 g of metal. Wash 
the electrode with water without interrupting the current, then remove 
it from the bath, wash with alcohol, dry by holding high above a flame, 
cool in a desiccator, and weigh. 

Copper, Cu. At. Wt. 63.57 
Forms: CuO, CU 2 S, Cu, Cu 2 (CNS )2 
1. Determination as Copper Oxide, CuO 

The copper solution must be free from organic substances and am- 
monium salts. Heat it to boiling in a porcelain dish and add pure 
potassium hydroxide solution, drop by drop, until the precipitate be- 

* If the precipitate is large in amount, place the greater part on a watch glass and 
dissolve the remainder that adheres to the filter in hot, dilute nitric acid. Evapo- 
rate the solution to dryness in a weighed platinum dish and add the main portion 
of the precipitate. Heat the dish and its contents at first gently but finally over 
the full flame of a Bunsen burner. 

t O. Brunck, Ber., 36, 1871 (1912). 
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comes dark brown and is permanent, and the solution itself shows 
an alkaline reaction toward litmus paper. After the precipitate has 
settled, carefully pour off the upper liquid through a filter and wash the 
precipitate by decantation with hot water until the wash water no 
longer shows an alkaline reaction. Transfer the precipitate to the 
filter and continue washing with hot water. Usually a small amount 
of copper oxide adheres to the porcelain dish so firmly that it can be 
removed only by vigorous rubbing with a glass rod covered at the end 
with a piece of rubber tubing, and finally when the precipitate is re- 
moved from the dish some will then remain on the rubber. Conse- 
quently it is better to proceed as follows: Remove as much of the pre- 
cipitate as possible by a stream of water from the wash-bottle, then 
add 2 drops of 6 A acid, and, by inclining the dish and rubbing with 
the glass rod, moisten with the acid all the precipitate remaining on 
the dish. Two drops of the acid are sufficient, with correct manipu- 
lation, to dissolve all the copper oxide. Prepare a small fresh filter, 
and holding the dish in an inclined position, so that the liquid remains 
near its lip, wash the sides once with hot water and heat the contents 
of the dish (which is continually maintained in this inclined position) 
to boiling over a small fiame; add dilute potassium hydroxide solution 
drop by drop until the copper is again precipitated. Avoid a large 
excess of alkali hydroxide on account of its solvent action upon the 
precipitate.* Quickly pour the contents of the dish through the small 
filter and immediately wash the dish once with water. All the copper 
oxide is now on the filter. Wash the precipitate with hot water, dry 
both filters, and transfer most of the precipitate to a porcelain crucible. 
Ignite the filters in a platinum spiral, and add the ash to the contents 
of the crucible. Cover the crucible, ignite at first gently, and finally 
with the full heat of the Bunsen burner; weigh as CuO. If the process 
is carried out carefully, the results obtained are almost the theoretical 
values but as a rule they are a trifle high. 

Remark. — According to A. Bayer, f copper can be determined in the presence of 
all other metals of the hydrogen sulfide group in the following manner: Add (iiiustic 
soda solution to the copper solution until the copper is all precupitated as hydroxide 
and then add enough Rochelle salt (sodium-potassium tartrate) to dissolve the 
precipitate. Heat to boiling in a porcelain dish and to the boiling solution add 2 ml 
of 5 per cent hydroxylamine hydrochloride. By boiling one minute all the copper 
(not more than 0.2 g should be present) is precipitated as cuprous oxide. 

/O-CH-COaNa 

' \ O-CH-COiK ^ + H 2 O 2 CU 2 O -b 4 KNaCALOc + N 2 O 

* Cf. Vol. I. 

t Z. anal Chem., 1912, 729. 
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Filter off the cuprous oxide into a Gooch crucible, wash with hot water, dry, ignite 
in the air, and weigh as CuO. 

2. Determination as Cuprous Sulfide, CU 2 S 

The copper solution may contain enough acid to make it 1.8 AT with 
sulfuric acid but need not contain more than enough acid to make 
it 0.3 N' to prevent the precipitation of metals of the ammonium sul- 
fide group. Heat the solution to boiling, and introduce hydrogen sulfide 
until it becomes cold. If considerable acid was present, the precipitate 
settles quickly in large flocks and the upper liquid appears perfectly 
colorless. Before filtering, prepare the wash liquid by passing hydro- 
gen sulfide through the long tube of a wash-bottle for one minute, then 
close the short tube with a piece of rubber tubing and shake vigorously. 
As soon as no more bubbles pass through the liquid, the water is satu- 
rated; this takes about a minute at the most. 

Place a paper filter in a funnel containing a platinum cone or a small 
hardened filter and fit the funnel to a suction-bottle. Start filtering 
without using suction, taking care 
that the filter is constantly kept full. 

When all the precipitate is on the fil- 
ter, wash the precipitate with hydro- 
gen sulfide water containing 4 per 
cent of acetic acid, and, at this point 
also, the filter must be kept full of’ 
liquid. Continue washing until 1 
ml of the filtrate shows no test for 
mineral acid.* Now for the first 
time allow the filter to drain com- 
pletely, with the aid of gentle suc- 
tion. Dry completely by heating 
in the drying closet at 90°-100° 
for at least an hour. 

Transfer as much of the pre- 
cipitate as possible to a weighed 
Rose crucible (of unglazed porce- 
lain), f burn the filter in a platinum spiral, and allow the ash to fall at 
first upon an unglazed crucible cover, where it should be heated 

* Test for sulfuric acid with barium chloride. To test for hydrochloric acid, 
boil the solution until the hydrogen sulfide is expelled and then treat with silver 
nitrate. 

t A quartz crucible is more desirable, as the transformation of CuS into CU 2 S 
can then be watched. 
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gently till it glows, in order to make sure that it contains no un- 
burned carbonaceous matter. Then add the ash to the main portion 
of the precipitate in the crucible. Also add a little sulfur that has 
been recrystallized from carbon bisulfide. Place the perforated cover 
on the crucible (Fig. 43), pass a stream of hydrogen through it (the 
wash-bottle shown contains concentrated sulfuric acid*), and heat 
the crucible at first over a small flame and finally so that the bottom of 
the crucible glows faintly. At this temperature the cupric sulfide is 
changed to cuprous sulfide, 2 GuS = CU 2 S + S. 

Too strong heating is inadvisable, according to Hampe. f 

When the excess of sulfur has been driven off (which can be readily 
ascertained by removing the cover of the crucible and finding no blue 
flame and no odor of burning sulfur), increase the current of hydrogen 
so that eight bubbles per second pass through the wash-bottle (at first, 
not more than four bubbles per second should have been the rate), and 
remove the flame. Allow the crucible to cool in the current of hydrogen 
and weigh after remaining in the desiccator for 15 minutes. The 
cuprous sulfide should be brownish black or black, and should show 
no reddish brown stains (due to Cu or CU 2 O) ; this is the case if the 
current of hydrogen was too slow during the cooling. To remedy this 
defect, add a little sulfur to the precipitate and repeat the heating in 
hydrogen. 

Remark. — It is evident that the sulfur used for this experiment should leave on 
ignition no weighable residue. This is why the sulfur used should be recrystallized 
from carbon bisulfide. 

The reason why it is necessary to keep the funnel filled with liquid during the 
filtration and washing of the cupric sulfide is this; If moist (copper sulfide is exposed 
to the air it is quickly oxidized and the hydrogen sulfide wash water acts uiK)n the 
salt formed by the oxidation (CuS 203 -CuS() 4 ), and transforms it into colloidal c-upric 
sulfide, which passes through the filter, and on c.oming in (contact with the a(;id fil- 
trate is coagulated. If, however, the precipitate is not exposed to the air during 
the filtration there is no oxidation and the filtrate remains clear. 

Instead of changing the (iupric sulfide into emprous sulfide, it has bocm proposed 
to convert it to oxide by ignition in the air and weigh the (;o])per in this fcjrm. If, 
however, the highest degree of accuracy is desired, this should not I")© done, for the 
ignited product always contains some sulfate. When this method is (diosen, the 
cupric sulfide should be heated in a glazed proc.clain (Tucuble, at first over a small 
flame, so that the mass does not melt, and the heat gradually iiKi'reasod until finally a 
blast lamp is used and the copper weighed as CuO. The results are about 0. 1 per cent 

* If the hydrogen is prepared from zinc and hydrocdiloric acud, the gas should bo 
passed first through water and then through a wash-bottle eontaining concentrated 
sulfuric acid. 

t Jg'. anal. Chem., 38, 465 (1894). 
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too high when not more than 0.2 g of precipitate is present. Holthof* * * § states that 
copper oxide absolutely free from sulfate can be obtained if the precipitate is ignited 
wet in an inclined porcelain crucible. 

3. Determination as Cuprous Thiocyanate, Cu 2 (CNS )2 
Method of Rivotf 

The solution should be slightly acid with sulfuric or hydrochloric acid 
and contain 0.2 g or less of copper in 100 ml. Oxidizing agents must 
be absent. To the solution add an excess of sulfurous acid,t and nor- 
mal ammonium thiocyanate solution, drop by drop with constant stir- 
ring, whereby at first a greenish mixture of cupric and cuprous salts is 
precipitated, which after stirring becomes pure white cuprous thio- 
cyanate. Allow the precipitate to settle completely (this requires 
several hours). Then filter and wash with cold water until the filtrate 
shows only a slight reddish coloration when ferric chloride is added. 
Finally wash several times with 20 per cent alcohol, dry at 110°-120°, 
and weigh as Cu 2 (SCN) 2 . The cuprous thiocyanate can be dried 
at a temperature as high as 160®, but at 180® it begins to decompose. 
The Munroe crucible can be used to advantage in this determination. 
The precipitate permits rapid filtration, and a turbid filtrate is never 
obtained. After the determination is finished, the greater part of the 
precipitate can be shaken out of the crucible, and the remainder dis- 
solved in hot nitric acid. 

4. Electrolytic Determination of Copper 

This most accurate and most convenient of all methods for the determination 
of copper was first proposed by W. Gibbs in 1864. § Copper may be deposited by 
means of the electric current from acid, alkafine, and neutral solutions, but for 
analytical purposes only the use of acid solutions is of importance. 

Procedure. — The safest way, according to F. Forster, |1 is to deposit 
the copper from a sulfuric acid solution. To the neutral solution con- 
taining the copper in the form of sulfate, add 10 ml of 2 A sulfuric acid, 
dilute the solution to a volume of 100 ml, and electrolyze with exactly 
2 volts potential at the electrodes by simply connecting the electrodes 
“With the poles of a single storage cell. The electrolysis requires at least 

* Z. anal. Chem., 28, 680 (1889). 

t Compt. rend., 38, 868; see also R. G. van Name, Z. anorg. Chem., 26, 230, and 
Busse, Z. anal. Chem., 17, 53, and 30, 122. 

t Instead of sulfurous acid, ammonium bisulfite may be used, prepared by saturat- 
ing aqueous ammonia with SO 2 . 

§ Z. anal. Chem., 3, 334 (1864). 

II Z. angew. Chem., 1906, 1842, 1849; 1907, 812; Ber. 1906, 1890. 
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8 hours if done at the ordinary temperature, but by keeping the solu- 
tion at 70°-80°, 0.2 g of copper is deposited in 60-80 minutes. If, 
therefore, it is desired to carry on the electrolysis over night, it is done 
in the cold. It is very easy to decide when the electrolysis is finished 
by adding a little water and noticing whether there is any more copper 
deposited upon the freshly exposed electrode surface. Wash the cath- 
ode with water, without breaking the circuit, exactly as was described 
under the electrolytic determination of nickel (p. 143). Finally, rinse 
with alcohol, dry by holding it high above a flame, cool in a desiccator, 
and weigh. 

If these directions are followed closely, the copper is never deposited 
in a spongy condition. The presence of Ni, Co, Fe, Zn, or Cd does 
not influence the analysis, and the copper may be separated from these 
elements by means of such an electrolysis. 

If the solution to be analyzed contains nitric acid and some of the 
above-mentioned metals, evaporate to dryness, heat with a little sul- 
furic acid until dense fumes are evolved, cool, add 10 mi of 2^ sulfuric 
acid, dilute to 100 ml, and electrolyze as described above. 

If only copper is present in the solution, however, it may be deposited 
satisfactorily in the following manner: To 100 ml of the neutral solu- 
tion add 4-5 ml of concentrated nitric acid. If, originally, it contained 
more nitric acid than this, either evaporate to dryness or neutralize 
with ammonia, and then add the required quantity of nitric acid. Boil 
gently to remove nitrous fumes. Rinse off the cover glass and wash 
down the sides of the beaker. Add 0.1 g of solid urea, to react with 
any remaining nitrous acid, and electrolyze at 50°-60° with a current of 
1 ampere and electrode potential of 2-2.5 volts, using a gauze cathode. 
The electrolysis is over at the end of 2 hours, when not more than 
0.3 g of copper is present. Finish the analysis as jibovc^, but there is 
more danger of traces of copper being dissolved while the (4(5ctrodcs 
are being removed. If the electrolysis is continued too Jong, some 
nitrous acid is formed and the deposit begins to dissolve. To remedy 
this, add a little more urea and electrolyzer a little longer. 

The best way to test the solution to see if all copper is removed is 
to clean the electrodes and see if any gain in weight is (jxpcrienced by 
further electrolysis with the cleaned electrodes. 

Remarh. — The copper may be deposited electrolytic.ally much more rapidly 
by the use of a rotating electrode, or any stirring arrangement and a stronger cur- 
rent. The use cf a gauze cathode also permits a higher amperage. The solution 
should not be diluted too much, as spongy deposits are obtained from very dilute 
solutions unless a very weak current is used. As a general rule, the more con- 
centrated the copper solution, the stronger the current that can be used. 
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CADMIUM, Cd. At. Wt. 112.4 
Forms: Cd, CdSO^^, CdO and Cd 2 P 207 
1. Electrolytic Determination of Cadmium 

Of all the methods for the determination of cadmium the electrolytic 
method is not only the most convenient, but by far the most accurate, 
and of the many methods proposed that of Beilstein and Jawein* can 
be recommended. To the solution of the sulfate, add a drop of phe- 
nolphthalein indicator solution, and then pure sodium hydroxide solu- 
tion until a permanent red color is obtained. Now add 10 per cent 
pure potassium cyanide solution with constant stirring, until the pre- 
cipitate of cadmium hydroxide produced by the caustic soda has com- 
pletely dissolved; an excess of potassium cyanide should be scrupulously 
avoided. Dilute the solution with water to 100-150 ml and electrolyze 
in the cold, using a gauze cathode. From 5-6 hours are required with a 
current of 0.5-0. 7 ampere and an electromotive force of 4.8-5 volts; at 
the end of this time increase the current to 1-1.2 amperes and electrolyze 
the solution for 1 hour more. If these directions are followed, all the 
cadmium (if not more than 0.5 g is present) will be deposited as a firmly 
adhering, dull deposit of nearly silver-white metal. Stop the current, 
quickly pour off the liquid, and wash the deposited metal first with 
water, then with alcohol, and finally with ether. Dry in the usual way 
and weigh. 

After the electrolysis is finished, the solution should always be tested 
for cadmium. For this purpose, saturate it with hydrogen sulfide. 
If much cadmium is present, a yellow precipitate is obtained, but if 
very little, a yellow coloration results. This color is due to the for- 
mation of colloidal cadmium sulfide, and it is so intense that R. Philipp 
estimates the quantity of cadmium not precipitated by comparing the 
shade with that produced in a solution containing a known quantity of 
cadmium and the same amounts of potassium cyanide and caustic 
potash as in the solution tested. 

Remark. — If for the electrolysis a current of 0.5 ampere is used, not all the 
cadmium will be deposited at the end of 12 hours; if the current is increased at 
the end, as above stated, to 1 ampere, however, the electrolysis will surely be finished 
in 6 or 7 hours. To work with the stronger current from the beginning is not to be 
recommended unless a gauze cathode is used, or one of the electrodes is rotated, for 
otherwise the metal is deposited in a spongy form and on washing some of it is likely 
to be lost. 

A solution containing 0.4568 g Cd., 3 g KCN, 1 g NaOH, and diluted to 125 ml 


' Ber.f 12 , 446 . 
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with water, can be electrolyzed in 15 minutes with a current of 5 amperes and 5.5 
volts if one of the electrodes is rotated. 

From neutral and weakly acid solutions, cadmium can be deposited electrolytically, 
but not from strongly acid solutions. 

2. Determination as Cadmium Sulfate, CdS 04 

Next to the electrolytic method, the determination of cadmium as 
sulfate is the best. If the cadmium is combined with a volatile acid, 
treat the compound in a weighed porcelain crucible with a slight ex- 
cess of dilute sulfuric acid, evaporate the solution on the water-bath 
as far as possible, and finally remove the excess of sulfuric acid by 
heating in an air-bath (see Fig. 14, p. 37). Apply the heat at first 
slowly, and raise the temperature gradually until finally no more fumes 
of sulfuric acid are evolved. The outer crucible can even be heated 
with the full flame of a Teclu burner without running any risk of de- 
composing the cadmium sulfate; however, it is not necessary to heat 
it so strongly. As soon as the fumes of sulfuric acid cease to come off, 
stop heating and weigh the crucible and its contents after cooling in a 
desiccator. The cadmium sulfate should be pure white and should 
dissolve in water to form an absolutely clear solution. 

If the cadmium has been precipitated from a solution as the sulfide, 
place the greater part of the precipitate in a large porcelain crucible, 
cover with a watch glass, and treat with 3 N hydrochloric acid on the 
water-bath. After the precipitate has dissolved and the evolution of 
hydrogen sulfide has ceased, wash the lower side of the watch glass, 
place the crucible under the funnel, and dissolve the prcicipiLaLc.^ which 
adhered to the filter paper by dropping hot, 3 A hydrochloric acid 
upon it. Finally wash the filter with hot watcu' and evaporate the solu- 
tion upon the water-bath, continuing as described above. 

The Precipitation of Cadmium as Sulfide 

The frequently recommended determination of cadmium as the sul- 
fide must be rejected; it is inaccurate. It is not possible to precipitate 
pure cadmium sulfide from acid solutions by mourn of hydrogen sul- 
fide; the precipitate is always contaminated with a l)asic salt (Cd 2 Cl 2 S — 
Cd 2 S 04 S, etc.), whether the precipitation takes place in cold or hot solu- 
tions, whether under atmospheric pressure or under increased pressure 
(in a pressure-flask), and in fact the amount of })asic salt formed in- 
creases with the amount of free acid present. Results arc obtained as 
much as 5 per cent too high. Follenius* attemptcid to make the; method 


Z. anal. Chern., 13, 422. 
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possible by igniting an aliquot part of the dried and weighed precipi- 
tate in a stream of hydrogen sulfide. If the sulfide was contaminated 
with sulfate, he succeeded in changing it all to sulfide and obtained 
results that were acceptable. If, however, chloride was present, a con- 
siderable part was lost by sublimation, so that the results obtained were 
too low. Furthermore, it is not possible to ignite the cadmium sulfide 
with sulfur in a current of hydrogen, as was described under Zinc and 
Copper, for cadmium sulfide is so volatile that some of it is lost. 

On the other hand, the method of precipitating the cadmium as sul- 
fide from solutions containing 2 ml of concentrated sulfuric acid in 
100 ml is to be recommended, for by this means a precipitate is obtained 
which can be readily filtered and which by solution in hot 6N hydro- 
chloric acid and evaporation with sulfuric acid can be changed without 
loss to the sulfate and weighed as such. 

3. Determination as Cadmium Oxide, CdO 

Cadmium carbonate and cadmium nitrate can be changed to the 
oxide by strong ignition. 

To the dilute, boiling cadmium solution add a slight excess of potas- 
sium carbonate, and when the precipitate has completely settled after 
standing for some time on the water-bath, filter it off, wash with hot 
water, and dry. Transfer as much of the dried precipitate as possible 
to a watch glass and set aside for the time being. Wash the filter with 
hot 2N nitric acid to dissolve the precipitate which still adheres to it, 
and receive the solution in a weighed porcelain crucible. Evaporate 
to dryness, add the main portion of the precipitate, and heat the cru- 
cible at first very gently until the whole mass has become a uniform 
brown. Now gradually raise the temperature until finally the full 
heat of the burner is reached. It is important during this operation to 
take care that the inner flame mantle does not touch the crucible, for 
otherwise reducing gases may enter and reduce a part of the oxide 
to metallic cadmium, which is volatile at this temperature.* The 
cadmium oxide is obtained as a brown powder which is infusible, in- 
soluble in water, but readily soluble in dilute acids, t 

Remark. — It is not advisable to precipitate the cadmium by means of sodium 
carbonate solution, for in that case it is difficult to wash the precipitate free from 
alkali. 

* If the cadmium carbonate is filtered into a Munroe crucible, and ignited in 
an electric oven, the transformation takes place readily without danger of any 
volatilization. 

t The oxide after ignition is a black, crystalline powder. 
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L Determination of Cadmium as Cadmium Pyrophosphate* 

The cadmium solution used for this method of analysis should not 
contain ammonium salt other than the reagent and should be faintly 
acid. If considerable acid is present, neutralize with sodium carbonate 
solution. 

To the cold, faintly acid solution containing not over 0.2 g of cad- 
mium in 100 ml, add a concentrated aqueous solution of (NH 4 ) 2 HP 04 
until the weight of added salt is 10-15 times as great as that of the cad- 
mium present. Allow to stand for 12 hours to allow the amorphous 
precipitate to become crystalline. Filter through a Gooch or Munroe 
crucible, wash with cold 1 per cent ammonium phosphate solution and 
finally with 60 per cent alcohol. Heat in an electric oven at 800°-900° 
and weigh as Cd 2 P 207 . 


Separation of the Sulfo-bases from the Metals of 
THE Preceding Groups 

Hydrogen sulfide added to a solution which is 0.3 N in acid precipi- 
tates only the metals of the “ hydrogen sulfide group.” It is to be 
noted that zinc precipitates with this group if the solution is not acid 
enough, while if the solution is too acid lead and cadmium are often 
incompletely precipitated. 

Analysis of Brass (Alloy of Copper and Zinc sometimes containing 
Small Amounts of Tin, Lead, Iron, and Nickel) 

Weigh out 0. 4-0.5 g of the alloy into a 200-ml casserole f and dissolve 
in 20 ml of 6iV nitric acid. Cover the casseroh; with i\, watch glass 
to prevent loss by spattering. After the UMiction begins to slacken, 
heat on the water-bath until all the metal is dissolvod. l<]vaporato the 
solution just to dryness, moisten the residue with a littk^ nitric jicid, 
dissolve in about 50 ml of hot water, and if any motastannic acid settles 
out on standing filter it off, wash with hot water, dry, and determine the 
tin according to p. 224. To the cold filtrate add 3 ml of pure, concen- 
trated sulfuric acid, evaporate the solution on th(i watcu-bath as far as 
possible, and then heat cautiously over a fre^e flarnc^. until denser white 
fumes of sulfuric acid are evolved. Cool, treat the residm^ with 50 ml 
of water and 15 ml of alcohol, stir well, filter, wash, and determine the 

* Miller and Page, Z. anorg. Chem.y 28, 233 (1901). 

t The borinf?8 are often somewhat oily. They should then be washed wiih ether 
before weighing. Cf. p. 230, footnote. 
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lead sulfate according to p. 186. Evaporate the filtrate until the alco- 
hol is completely removed, dilute with 100 ml of water, heat the solu- 
tion to boiling, and conduct hydrogen sulfide into it until it becomes 
cold. Then filter off the copper sulfide, wash first with hydrogen sulfide 
water containing, in every 100 ml, 20 ml of 2iV' sulfuric acid, and at the 
end with 5 per cent acetic acid, also saturated with hydrogen sulfide, 
until the filtrate gives no precipitate on being treated with barium 
chloride. Determine the copper, according to p. 193, as CU 2 S. 

Evaporate the filtrate from the copper sulfide to a small volume in 
order to remove the excess of hydrogen sulfide, oxidize the iron by the 
addition of bromine water, precipitate by ammonia, and filter. To 
make sure that the precipitate of ferric hydroxide contains no zinc, 
redissolve it in a little hydrochloric acid and repeat the precipitation 
with ammonia. Filter, wash, ignite and weigh as ferric oxide (cf. p. 99). 

Make the combined filtrates from the ferric hydroxide acid with a 
little sulfuric acid, heat to about 50° C, and determine the zinc as 
zinc sulfide according to the “ salting-out method described on p. 
168. For the determination of nickel, boil the filtrate from the zinc 
sulfide to expel the hydrogen sulfide and precipitate the nickel as the 
salt of dimethylglyoxime according to p. 140. 

Determination of Copper, Lead, and Zinc in Brass 

The best brass alloys contain very little tin, lead, iron, or nickel. In conamercial 
laboratories, often the copper and lead contents are determined electrolytically and 
the zinc is determined hy differencej that is, by subtracting the percentages of copper 
and lead from 100 per cent. 

The following method of analysis, however, provides for the determination of 
copper, lead, tin, iron, and zinc and is capable of giving accurate results. 

Weigh 0.9-1. 0 g of the alloy into a slender beaker of about 150-ml 
capacity. Add 12 to 15 ml of 6 iV nitric acid, cover the beaker, and heat 
gently till all the brass is dissolved. If a clear solution is obtained, no 
tin is present, and the solution after dilution is ready for electrolysis. 

If a white precipitate of metastannic acid forms, evaporate the solution just to 
dryness but do not bake the residue. Add 2 ml of 6 iV" nitric acid, dilute with 25 ml 
of water, and boil gently to dissolve the nitrates of copper and zinc. Filter off the 
metastannic acid, wash it with hot water, ignite in a porcelain crucible, and weigh as 
SnOs. 

Dilute the clear solution of the nitrates to 100 ml and boil gently for 
1 minute to remove any nitrous oxides. Wash down the sides of 
the beaker and the cover glass, and electrolyze with a current of 1-2 
amperes using a gauze cathode and a rotating anode. After the solution 
has become colorless, continue the electrolysis 10 minutes longer, adding 
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1 g of urea and washing down the sides of the beaker. The electrolysis 
ought not to require more than 1 hour at the most. A suitable appa- 
ratus is shown in Fig. 38, p. 142. 

Wash the electrodes while lowering the beaker and while the current 
is still flowing. Dip them in alcohol and dry a very short time in the hot 
closet at 105°. The deposit on the cathode is pure copper, and that on 
the anode is lead dioxide, Pb 02 . 

To make sure that all the copper has been deposited, add a slight 
excess of ammonia to the entire solution. If a blue color is noticeable,*- 
make acid with dilute sulfuric acid and electrolyze with clean electrodes 
until all the copper is removed. 

Test for Iron and Aluminum 

To the electrolyzed solution add a little bromine water, to make sure 
that any iron is in the ferric condition, and enough ammonia to dissolve 
the zinc hydroxide precipitate that may form at the neutral point. If 
any precipitate of ferric or aluminum hydroxide forms, filter it off. To 
make sure that no zinc hydroxide is in the precipitate, redissolve the 
precipitate in a little hot 2N hydrochloric acid, dilute to 50 ml, and 
precipitate again by adding ammonia. Ignite and weigh the precipitate 
as Fe 203 . If there is any likelihood of aluminum being present, examine 
the ignited oxides as described on p. 114. 

To the ammoniacal solution containing the zinc, add methyl orange 
indicator and enough hydrochloric acid to make the solution barely 
acid. Precipitate the zinc as phosphate, and finish tlie analysis as 
described on p. 147. 

Often so little lead is present that a larpier 8n.my)le is {lesiral)le. When the lead 
alone is desired it is better to eleotrolyxe in the y)reHenee of more eoiutcntrated nitric 
acid. Fischer and Schleicherf recommend the following proc.edurc. 

Electrolytic Determination of Small Quantities of Lead in Brass 

Weigh out 3-4 g of brass into a 200-ml beaker and dissolve in 30 ml 
of 7.5iV HNO3. Dilute with 50 ml of water and heat till nitrous fumes 
are expelled. Add 8 ml of concentrated nitric acid and ohictrolyze at a 
volume of 85 ml with a current of 3 amperes at 60°. After 10 minutes 
all the lead will be deposited as Pb02 on the anode. Then, without 
removing the anode, dilute to 130-140 ml and electrolyze an hour longer 
at 20-30° with a current of 3-4 amperes. It is best to add 1 g of urea 

* A pale blue color may indicate the presence of ni(!kel })ut usually is caused in 
brass analysis by a little copper which has escaped deposition, 
t Elehtroanalytischc Schnelhnetfiode. 
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at the beginning and end of this last period as otherwise nitrous acid may 
cause the lead dioxide precipitate to dissolve. 

For determining small quantities of lead in brass or metallic copper the following 
procedure is excellent. 

Determination of Lead in Brass as Chromate 

Treat 5 g of the metal with 50 ml of 61V nitric acid, and to the re- 
sulting solution add carefully 5 ml of concentrated sulfuric acid. Evapo- 
rate until heavy white fumes of sulfuric acid are evolved, cool, and 
carefully dilute with 100 ml of water. Boil until the sulfates of copper 
and zinc have dissolved, cool, and let stand at least 1 hour. Filter off 
the lead sulfate precipitate and wash it with cold, 2N sulfuric acid until 
free from copper and then twice with cold water. 

Dissolve the lead sulfate precipitate by treating it with a little hot 
ammonium acetate solution, prepared by making 6 N ammonium hy- 
droxide solution slightly acid with 6iV acetic acid. Pour about 5 ml 
of the hot acetate on the filter, allow it to run through and then wash 
with a stream of hot water from the wash-bottle. Repeat the treatment, 
using 3 ml of acetate, and continue in this way until a little of the wash- 
ings gives no black precipitate when added to dilute ammonium sulfide 
solution- Usually the entire precipitate will dissolve in 10 ml of 
ammonium acetate solution. 

To the hot acetate solution add a slight excess of 10 per cent potas- 
sium dichromate solution. Heat till the precipitated PbCr 04 has a 
good yellow color, filter into a Gooch crucible, wash with hot water, 
then with dilute alcohol, dry at 110°, and weigh as PbCr 04 .* 

Determination of Copper in Iron and Steel 

Dissolve 10 g of sample in 200 ml of 10 per cent sulfuric acid and 
when the metal is dissolved dilute to at least 500 ml with water. Heat 
to boiling and saturate with hydrogen sulfide. Filter on paper or paper 
pulp and wash a few times with a 1 per cent sulfuric acid solution sat- 
urated with hydrogen sulfide. Ignite the residue and paper in a por- 
celain .crucible and fuse with a small amount of alkali pyrosulfate. 
Dissolve the cooled melt in the crucible in 1 to 2 ml of hydrochloric 
acid and a few milliliters of water, add 5 per cent sodium hydroxide (free 

* The precipitate does not correspond exactly to the formula. The American 
Society for Testing Materials recommends the use of the factor 0.6375 instead 
of the theoretical 0.6410, but such a correction is unnecessary in the analysis of 
brass. The PbCr 04 precipitate can be dissolved in 25 ml of hot 6 N sulfuric acid, 
and the chromium determined iodometrically, adding 1 g of KI, waiting 5 minutes 
and then titrating slowly with standard thiosulfate solution. 
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from organic matter) in slight excess, boil, digest, and filter. Dissolve 
the precipitate in hot dilute nitric acid, add 5 ml of concentrated sulfuric 
acid, evaporate to fumes of sulfuric acid, cool, dilute to 40 ml, and add 
10 mi of concentrated ammonium hydroxide (d. 0.90). Heat the still 
acid solution to boiling and saturate with hydrogen sulfide. Filter, 
wash thoroughly with slightly acidified hydrogen sulfide water, ignite, 
and weigh as cupric oxide. 

Remark. ~ This separates Cu from Mo and As, the only other members of the 
hydrogen sulfide group likely to be present. 

Separation of the Sulfo-bases from One Another 
1. Separation of Mercury from Lead, Bismuth, Copper, and Cadmium 

Method of Gerhard v. Rath 

Principle. — This separation is based upon the insolubility of mercuric sulfide 
in boiling, dilute nitric acid (d. 1. 2-1.3) and the solubility of the remaining sulfides 
in this acid. 

Procedure. — The solution must contain the mercury entirely in, the 
mercuric form and should be 0.3 N in hydrochloric or sulfuric acid. 
Into the hot, fairly dilute solution introduce hydrogen sulfide in excess. 
Filter off the precipitate, wash it with hydrogen sulfide water, transfer to 
a porcelain dish, and boil for a considerable length of time with nitric 
acid of the above concentration. Then dilute with a little water and 
wash with water containing nitric acid. The residue of mercuric sulfide 
thus obtained always contains sulfur, and if considerable lead was 
present it will also contain load sulfate. Dissolve it, therefore, in a 
little aqua regia, dilute with water, filter from the separated sulfur and 
lead sulfate, and precipitate the mercury with ammonium sulfide (cf. 
p. 181) according to the method of Volhard. If some of th(^ lead sul- 
fate should go into solution with the mercury on treating with aqua 
regia, it will be converted by the ammonium sulfide and i.)otassiura liy- 
droxide into insoluble lead sulfide, while the mercury will hi) in the form 
of its soluble sulfo-salt. In this case filter off the lead sulfide, wasii with 
dilute potassium hydroxide solution, and precipitate the mercury as 
sulfide, as described on p. 181. 

2. Separation of Bismuth from Lead 

(a) Method of Ldwef^ 

Principle. — Bismuth nitrate is changed by the action of water into an insoluble 
ba,sic salt, but lead nitrate undergoes no such transformation. 


= ,T. prakl. Cheni., 74 , 345 (1858). Cf. Little and Cahen, Analyst^ 36 , 301. 
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Procedure. — Evaporate the nitric acid solution of these two metals 
on the water-bath until it reaches a sirupy consistency. Add water, 
and after thorough stirring with a glass rod repeat the evaporation 
and continue this treatment until the addition of the water fails to pro- 
duce any further turbidity, a sign that the bismuth has been com- 
pletely converted into the basic salt Bi202N030H. Add 100 ml of a 
cold 2 per cent ammonium nitrate solution, and after standing some time, 
with frequent stirring, to make sure that the lead nitrate is completely 
dissolved, filter the solution. Wash the precipitate with the dilute 
ammonium nitrate solution and dry. Transfer as much of it as possible 
to a weighed porcelain crucible, burn the filter and add the ash to the 
crucible, and ignite to a constant weight of Bi203. 

From the filtrate precipitate the lead as sulfate, according to p. 185, 
and weigh as such. It is less satisfactory to precipitate the lead as 
sulfide and weigh it in this form after gentle heating with sulfur in a 
Rose crucible. 


(6) Method of Ledoux^' 

To 100 ml of the dilute nitric acid solution, add 6 W NH4OH drop- 
wise from a buret until a faint opalescence appears. Then add 1 ca of 
ZN HCl, dilute to 300 ml, and heat just to boiling. Allow to stand on 
the steam-bath for 2 hours or in a warm place over night. Filter off the 
precipitate of BiOCl and possibly SbOCl and a little PbCb, and wash the 
precipitate twice with boiling water. Dissolve it in a little 3 N HCl, 
and to the solution add an amount of water about 30 times as large 
as the amount of the acid used. If a precipitate appears on dilution, 
pay no attention to it. Saturate with hydrogen sulfide and filter off 
the Bi2S3 precipitate, which may contain Sb2S3 and a little PbS. Wash, 
this precipitate once with water, twice with hot, diluted ammonium 
sulfide reagent to remove antimony, and then with more water. Dis- 
solve the precipitate in a little hot ?>N HNO3, washing the filter paper 
with this acid and finally with hot water. Dilute and reprecipitate the 
BiOCl exactly as described above. Dry at 100°, and weigh as BiOCl. 

3. Separation of Bismuth from Copper 

To the dilute solution add an excess of ammonium carbonate solution, 
heat gently, and filter. The precipitate of basic bismuth carbonate 
almost always contains small quantities of copper; redissolve it in 
nitric acid and repeat the separation by means of ammonium carbonate. 

* A. H. Low, Technical Methods of Ore Analysis, Hillebrand-Lundell, Applied 
Inorganic Analysis. 



206 


GRAVIMETRIC ANALYSIS 


Fuse the basic bismuth salt with potassium cyanide, leach the melt 
with hot water and weigh the residual bismuth. 

For the copper determination, combine the two filtrates, evaporate 
to remove the excess of ammonium carbonate, make acid with sulfuric 
acid, and precipitate the copper by means of hydrogen sulfide. Weigh 
the copper as cuprous sulfide according to p. 193, or electrolyze the sul- 
furic acid solution as described on p. 195. 

According to Fresenius and Haidlin, bismuth can be separated from 
copper very satisfactorily by means of potassium cyanide. For this pur- 
pose, treat the acid solution with a slight excess of sodium carbonate, add 
potassium cyanide, heat the solution, and filter. All the copper is 
found in the filtrate, while the precipitate contains bismuth oxide con- 
taminated with alkali. Dissolve the residue, therefore, in nitric acid, 
precipitate the bismuth by means of ammonium phosphate, and deter- 
mine as phosphate according to p. 189. Evaporate the filtrate con- 
taining the copper with nitric acid, to destroy the cyanide, and deter- 
mine copper electrolytically according to p. 195. 

Another method of carrying out the separation of bismuth from copper 
by means of KCN is to heat a mixture of the freshly precipitated sul- 
fides with a solution of 3 to 4 g of KCN in a little water. BliSs remains 
undissolved.* 

4. Separation of Lead from Copper by Means of Electrolysis 

This separation depends upon the fact that the ele(;tric current deposits lead 
quantitatively as PbOo upon the anode from solutions containing (jonsiderable nitric 
acid, while the copper is either not deposited at all under these conditions or is 
found upon the cathode to some extent. After the lead is completely deposited, 
the copper solution is poured into a secHmd weighed j[)latinum dish, the exc.ess of the 
acid is neutralized with ammonia, and the solution again electrolyzed. The copper 
will now deposit quantitatively upon the (cathode. 

Procedure. — Transfer the solution of tlie two nitrates to a platinum 
dish of the form recommended by Classen with tlui inncir surface un- 
polished. Add 15 ml of 15 A nitiic acid to 150 ml of solution, and elec- 
trolyze at 50°-~60° C with a current of 1-1.5 amperes and an electrode 
potential of 1.4 volts. After 1-1.5 hours practically, all the lead will be 
deposited upon the anode (dish) in the form of a firmly adhering brown 
coating of lead peroxide, Pb02. At the cathode (a plate ekictrode) a 
considerable part of the copper will be deposited, but tlu^ remainder will 
still be in solution. Break the circuit, and pour the solution as quickly 
as possible into a second weighed platinum dish, adding the washings 

* A. H. Low, Technical Methods of Ore Analysis. 
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to this dish. After washing the electrodes with water, dry the first 
dish, with the Pb02 deposit at 180°, and weigh. The solution in the 
second dish contains a little lead and some copper. Make it slightly 
ammoniacal, add 4 ml of 15 A nitric acid, and electrolyze the solution 
at 60°. The platinum dish now serves as the cathode, while the plate 
electrode* serves as the anode; if traces of lead remain in solution 
after the first electrolysis, it will now be deposited. After an hour or two 
with a current of 1 ampere all the remaining copper and lead will be 
deposited. When the electrolysis is complete, wash the electrodes 
without breaking the circuit and determine the weight of the copper 
and Pb 02 . 

If only a little lead is present it is better to carry out the electrolysis 
as described on p. 201 or 202. 

5. Separation of Lead from Copper and Cadmium 

{From Bismuth Less Satisfactorily) 

To the solution of the nitrates or chlorides add an excess of sulfuric 
acid, evaporate to remove the nitric or hydrochloric acid, and determine 
the lead as sulfate as described on p. 185. 

6. Separation of Copper from Cadmium 

(a) By Electrolysis 

The solution should contain not more than 0.2 g of cadmium. To 
the neutral solution add 10 ml of 6iV nitric acid, dilute to 150 ml 
in a platinum dish, and electrolyze with the dish as cathode. Adjust 
the anode, a disk electrode, so that it dips into the liquid only a short 
way. Under these conditions, 0.2 g of copper is deposited, perfectly 
free from cadmium, within 12-14 hours by a current of 0. 2-0.3 ampere 
and a voltage of 1. 9-2.3 volts. With a current of 1-1.5 amperes and 
2.5-2. 6 volts electrode potential, the copper is deposited in about 5 
hours. When the deposition is complete, siphon off the solution while 
pouring pure water into the dish without breaking the current. Finally 
rinse the dish with alcohol, dry, and weigh with the deposited copper. 
Add a little sulfuric acid to the solution, evaporate to expel the nitric 
acid, cool, dilute, and electrolyze the cadmium from cyanide solution 
as described on p. 197. 

Remark. — If considerably more than 0.2 g Cd is present in 150 ml of the solu- 
tion, there is danger of small amounts of cadmium separating out upon the copper 
during the washing of the deposit, especially if the anode extends well into the 

* The plate electrode with copper upon it was weighed, cleaned, and then weighed 
again. 



208 


GRAVIMETRIC ANALYSIS 


solution. This is because the concentration of the acid becomes less during the 
washing. In analyzing a solution containing a large amount of cadmium and small 
amount of copper, therefore, it is best to wash at first with 2 per cent nitric acid 
rather than with distilled water. 

The separation requires but a few minutes with a rotating anode or cathode, and 
a stronger current. 

F. Foerster recommends the following conditions for an electrolytic separation 
of copper and cadmium: Electrolyte: 100 ml of 2 sulfuric acid. Electrodes: 
a large platinum gauze electrode as cathode and a smaller one as anode. Connect 
the electrodes directly with the terminals of a single storage cell so that the volt- 
age is kept constant throughout the electrolysis. After 60-90 minutes 0.2 g of 
copper will be deposited completely. Remove the cathode in the usual way (p. 143), 
neutralize the solution with potassium hydroxide solution, add potassium cyanide, 
and electrolyze for cadmium according to directions on p. 197. 

(h) Method of Rivot-Rose 

Precipitate the copper as thiocyanate according to p. 195, and in 
the filtrate precipitate cadmium as sulfide and determine as sulfate 
according to p. 198. The results are good. 


B. DIVISION OF THE SULFO-ACIDS 
Arsenic, Antimony, Tin 

(SELENIUM, TELLURIUM, GOLD, PLATINUM, TUNGSTEN, 
MOLYBDENUM, VANADIUM) 

ARSENIC, As. At. Wt. 74.96 

Forms: AS2S3, AS2S5, Mg2As207 

The three best ways of determining arsenic are (1) the gravimetric determination 
as AS2S3 (see below); (2) the volumetric determination of the silver in a precipitate 
of Ag3As04 (see Method of Low-Pearce-Bennett); and (3) the iodomctric titration 
of trivalent arsenic in a buffered solution (see lodomctry). 

1 . Determination as Arsenic Trisulfide, AS2S3 

For the determination of arsenic in this form, it must be present in 
its trivalent state, i,e,, as arsenious acid or as arscmitc. 

Make the solution strongly acid with hydrochloric acid and precipitate 
the arsenic in the cold with hydrogen sulfide. Remove the excess of 
the latter by a stream of carbon dioxide, and filter through a Gooch 
crucible that has been previously dried at 105°. Wash the precipi- 
tate with hot water, dry at 105° to constant weight, and weigh as 
AS2S3- 
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2. Determination as Arsenic Pentasulfide, AS2S5, according to Bunsen* 
Modified hy Ft. Neher'] 

To the solution, which must contain all the arsenic as arsenic acid, 
add 12 iY hydrochloric acid little by little (it is best to keep the solution 
cooled by surrounding the flask with ice) until the solution is at least 
4iY in hydrochloric acid. Conduct a very rapid stream of hydrogen 
sulfide into this solution (contained in a large Erlenmeyer flask) until 
it is saturated with the gas. Then stopper the flask and allow to stand 
2 hours. Filter off the arsenic pentasulfide through a Gooch crucible 
which has been dried at 105°, and wash the precipitate thoroughly 
with water, then with hot alcohol (to hasten the subsequent drying). 
After drying at 105° weigh the precipitate as AS2S5. It is not necessary 
to wash it with carbon bisulfide. 

Remark. — If the above directions are followed exactly, this method gives faultless 
results. If, on the other hand, the directions are deviated from in the slightest 
respect, the precipitate is likely to contain some arsenic trisulfide, whereby low re- 
sults will be obtained. If the solution is not kept cool and the hydrochloric acid 
is added too rapidly, the heat of the reaction suffices to change a part of the arsenic 
pentachloride (this compound probably exists in solution) to arsenious chloride and 
chlorine, so that on passing hydrogen sulfide into the solution a mixture of arsenic 
trisulfide and arsenic pentasulfide will be obtained. 

3. Determination of Arsenic as Magnesium Pyroarsenate, 
according to Levol 

The solution must contain all of the arsenic as arsenate, and have a 
volume of not more than 100 ml per 0.1 g arsenic. Add 5 ml of 12 iV 
hydrochloric acid drop by drop, with constant stirring, and then, for 
each 0.1 g of arsenic, add 7-10 ml of magnesia mixturef and a drop of 
phenolphthalein indicator solution. Now, with constant stirring, add 
6 A ammonia from a buret until the phenolphthalein imparts a per- 
manent red color to the solution, and then add enough more ammonia 
to make one-third the volume of the neutralized solution. After stand- 
ing 12 hours filter the liquid through a Gooch or Munroe crucible. 
Transfer the precipitate in the beaker to the crucible by some of the 
original solution blown from a small wash-bottle. Wash the precipi- 
tate with 1.5 N ammonia solution containing 2-3 per cent of ammonium 

* Ann. Chem. Pharm., 192, 305. 

t Z. anal. Chem., 32 , 45; see also Brunner and Tomicek, Monatsh., 8, 607; McCay, 
Z. anal. Chem., 27 , 682, and J. Thiele, Ann. Chem. Pharm., 265 , 65. 

t Dissolve 55 g crystallized magnesium chloride and 70 g ammonium chloride in 
650 ml water and dilute to a volume of 1 1 with ammonia water, d. 0.96. 
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nitrate until free from chloride. Drain the crucible as completely as 
possible by suction, dry at 100°, and heat in an electric oven quite grad- 
ually to a temperature of 400° to 500°, until no more ammonia is evolved. 
Then raise the temperature to 800°-900° and keep there for about 10 
minutes. Cool the crucible in a desiccator and weigh as Mg 2 As 207 . 

If an electric oven is not available, place the crucible with the pre- 
cipitate in an air-bath (cf. Fig. 14, p. 37), having the bottom of the 
outer Gooch crucible come within about 2“3 mm of the bottom of the 
crucible. Sprinkle a thin layer of powdered ammonium nitrate* upon 
the precipitate, and heat, gently at first, gradually increasing the tem- 
perature until the outer crucible is light red. Cool in a desiccator and 
weigh as Mg2As207. The results obtained are excellent. 

Remarks. — The precipitate produced by the magnesia mixture has the formula 
MgNH 4 As 04 ‘ 6 Ii 20 and loses 5} molecules of water at 102 °; it has, therefore, been 
proposed to weigh the precipitate after drying at this temperature, but it is impos- 
sible to obtain a constant weight. According to Levol, 600 ml of pure water dissolve 
1 g of magnesium ammonium arsenate, but J. F. Virgilif found that it required 25 1 
of 1.5 N ammonia to dissolve 1 g of the precipitate. A precipitate of AS 2 S 3 or of 
AS 2 S 5 can be analyzed by the above method after treating the precipitate with 
HCl and KCIO 3 as in qualitative analysis. 

Colorimetric Determination of Arsenic 

Small quantities of arsenic, such as arc present in wall papers, may 
be estimated very accurately by means of the Marsh apparatus, com- 
paring the mirror with a series of standards formed with known quan- 
tities of arsenic.J It is just as accurate, however, to use the much 
simpler apparatus recommended for the Gutzoit test. Treadwell and 
Comment§ allow the arsine to react with disks containing silver nitrate 
and compare the resulting color with a standard which, unfortunately, 
must be produced freshly with each analysis, as it docs not keep very 
well. Almost equally accurate and much more convenient are the 
method of F. HeftiH and that of C. R. Sanger and 0. F. Blacklf in which 
the arsine is made to react with mercuric chloride paper. 

Instead of using ammonium nitrate, the crucible may be pnwided with a per- 
forated cover and heated in a current of oxygen. 

t Z. anal Chem., 44, 504 (1905). 

} C. R. Sanger, Am. Ckem. 13, 431 (LSOl); Z. anal Chem., 38, 137 and 377; 
G. Lockemarm, Z. angew. Chem., 1905, 429 and 491. 

§ This method was given in the early editions of this book. 

II Inaug. Dissert Zurich, 1907. 

i Proc. Am. Acad. Arts andSci., No. 8, 1907; ,7. Soc. Chem. hid., 26, 1115 (1907), 
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(a) Method of Hefti 

First destroy all organic matter by heating the sample in a tube (see 
VoL I), with fuming sulfuric and nitric acids, both of which must be 
free from arsenic. Evaporate the resulting liquid with sulfurous acid 
on the water-bath to reduce the arsenic acid to arsenious acid.* When 
all the excess of SO 2 has been expelled, pour the solution into the gradu- 
ated tube T of the apparatus shown in Fig. 45. In the 100-150 ml flask 
if, place 6-8 g of granulated zinc coated with copper* and about 20 ml 
of 4.5 iV' sulfuric acid free from arsenic. At the end of 10 minutes all 
the air should be expelled from the apparatus by the evolved hydrogen. 
Now cover the outlet Df with a 
piece of mercuric chloride paper 
and weight it down with a small 
piece of ground glass. According 
to the quantity of arsenic present, 
allow all or a part of the solution 
in T to flow into the flask K. 

After 20 minutes remove the test 
paper and compare the color of 
the spot produced with spots simi- 
larly obtained with known quan- 
tities of arsenic. 

Prepare the disks of mercuric 
paper by dipping pieces of clean 
filter paper into a saturated solution 
of mercuric chloride and drying in 
an oven at 60°-70°. 

Prepare the standards by a series 
of experiments with known quan- 
tities of arsenic. The spots thus 
obtained soon lose their color when 
exposed to moist air, but when dry 
can be kept in the dark for several 
days. An older standard is not re- 
liable, but can be used to estimate the approximate quantity of 
arsenic and then, by making two or three standards with known 
quantities, the exact amount of arsenic can be determined. A con- 

* Cf. Vol. I. 

t For quantities of arsenic under 0.02 mg the upper diameter of the tube D should 
be 8 mm, and for larger quantities it should be 16 mm. The upper edge of the tube 
is ground perfectly flat. 
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venient standard solution of arsenious acid used in preparing the scale 
contains 20 mg of AS 2 O 3 in a liter. For less than 0.02 
mg of AS 2 O 3 ( = 1 ml of the standard solution) dilute 
the solution tenfold. 



Fig. 46. 


(h) Method of Sanger-Black 

Place 10 g of chemically pure stick zinc, a few 
stannous chloride crystals, and a piece of platinum 
foil with several perforations in the 30-ml evolution 
bottle (Fig. 46). Add a measured volume of the 
arsenic solution, nearly fill the flask with 7 N sulfuric 
acid, and insert the stopper carrying the tubes A, R, 
and C as shown in the drawing. The tube A is 7 cm 
long and 1 cm wide and contains a few strips of filter 
paper that have been moistened with 5 per cent lead 
acetate solution, to remove traces of hydrogen sulfide 
that may be formed from sulfur in the zinc. The 
tube R is a little shorter than A and contains a wad 
of cotton moistened with 1 per cent lead acetate 
solution. The tube C contains a dry strip of mer- 
curic chloride paper prepared by allowing strips of 
thick drawing paper to remain for an hour in 5 per 
cent alcoholic mercuric chloride solution, hanging the 
strips on glass rods and allowing tluaii to dry in the 
air. After a few minutes the mercuri(} cliloride paper 
begins to darken, and after 4,5 minutc^s a maximum 
depth of color is obtained. Coin])ar(^ tlu) color with 
that produced similarly by known quantities of 
arsenic produced in the same way with the same 
apparatus. 

Figure 47 shows how the standard strips should 
look. 


(c) Electrolytic Deterimnation of Arsenic* 

Instead of producing the arsine by the action of zinc and acs’d, it may be formed by 
cathodic reduction, AsOF + G © + 7 .11+ — > AsTL t + ^ h Tliorpc T)aHscs the 
arsine throiif!;h a heated tube and produces an arsenic mirror, but lleftif allows the 

Cf. Bloxarn, Z. arial Chem., 1, 483 (1862); T. IL Thorpe, Proc. Cheni. Boc,, 
19, 183 (1903); W. Thomson, Manch. Meynoira, 48, No. 17 (1904); S. R. Toot- 
mann, Chem. Zentr., 1904, I, 1295; II. J. S. Sand and E. Hackford, Omn. Zenir., 
1904, II, 259. 

t Inaug. Dissert, y Zurich, 1907. 
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gas to react with mercuric chloride paper. In both cases the apparatus devised 
by Thorpe (Fig. 48) can be used. 

As cathode a perforated cone of thin lead foil, K, is recommended. Hang this 
upon the platinum wire that has been fused into the ground-glass stopper of the 
cathode compartment. As anode use platinum foil, 2 or 3 cm wide wrapped around 
the porous cell, D. 



2 6 10 15 20 25 30 35 40 60 60 70 

Fig. 47. 


Procedure. — Pour pure, 4,5 N sulfuric acid into the porous cell D, 
and into the glass outer vessel, E. The level of the acid should be about 


2 or 3 cm from the bottom in 
D and about 0.5 cm higher 
in E. For the colorimetric 
determination, pour the ar- 
senic solution directly into 
the acid of the inner cell. 
It must be present as ar- 
senious acid; cf. p. 211. 
For the production of mir- 
rors, all the air must be 
expelled by hydrogen before 
the arsenic solution is added. 
The tube C should contain 
crystallized calcium chloride. 
Cover the outlet at D with 
a disk of mercuric chloride 



paper (see Method a) and 
electrolyze with a current of 


2-3 amperes at about 7 volts. The analysis is finished at the end of 20 
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minutes. Estimate the quantity of arsenic by comparing the spot with 
a standard scale. (See Method a.) If the apparatus is connected with a 
horizontal delivery tube, Sanger^s method can be used. (See Method 6.) 

Remark. — As cathode Thorpe recommends bright platinum foil and Hefti uses 
lead. Polished platinum does not hold arsenic back, but platinum with a rough 
surface does, and since bright platinum becomes dull with use, it is easily possible 
for low results to be obtained. Experiments performed by Hefti in the author’s 
laboratory showed that zinc alloyed with a trace of copper or platinum, bright 
platinum foil, and lead did not hold back arsenic when used as the cathode; on the 
other hand, zinc in the presence of chloroplatinic acid and platinum foil with spongy 
platinum held back a considerable quantity of arsenic. 

To determine arsenic in a mineral water, evaporate 100 ml to a small volume in a 
porcelain dish. Add a little sulfuric acid, reduce with sulfurous acid, expel the 
excess of the latter, and analyze by one of the above three methods. 


Determination of Larger Quantities of Arsenic as Arsine 
Method of F. Hefti 

In the electrolysis of larger quantities of arsenic it was not possible, in the past, 
to recover all the arsenic as arsine; some arsenic was deposited upon the cathode 
in the form of the element arsenic and was not transformed into arsine by the 
further action of the electric current. The quantity of arsenic deposited as metal 
depends upon the potential of the electric current at the electrodes, the temperature, 
and the concentration of the arsenic solution. At high potentials, low temper- 
ature, and low concentration of the solution, the quantity of arsenic deposited be- 
comes zero and the yield of arsine is then quantitative. The estimation of the 
latter is best accomplished iodometricjally. If arsine is passed through a solution of 
iodine in potassium iodide, it is immediately oxidized to arsenici acid in the cold. 

AsHa + 10 NaHCOa + 4 lo = Na2nA8()4 + 8 Nal + K) CO2 + G IIoO 

If the excess of iodine is titrated with sodium thiosulfate (see Todomctric Methods) 
it is possible to determine the quantity of iodine that has rea(‘.ted witii the arsine. If 
T milliliters of 0.1 N iodine were used at the start, and t milliliters of 0.1 N thio- 
sulfate solution were used for the titration, then the quantity of arsenic; or arsenic 
trioxide present is 

(T -t) X 0.000037 g arsenic 
(T -t) X 0.001237 g AS2O3 

The apparatus necessary is shown in Fig. 49. The decomposition cell is also 
shown in Fig. 50 and consists of a wide U-tul)C capable of holding 120 ml of solution. 
The tube is made in two halves, the edges of the bottom being ground so that they 
fit tightly together. Between these edges place a piecic of thin parcjhment paper 
and fold the extending edges over one side of the tube. Bind the two halves of the 
U-tube together by a piece of rubber tubing which also holds the parchment paper 
in place. Wire this tubing tightly in place, taking care that the edges of the par(;h- 
ment paper are also covered by the wire. In one arm of the tube (the anode com- 
partment) which remains open during the whole experiment, suspend a platinum 
plate electrode as anode, and tightly stopper the other arm (the (aithode cjompart- 
ment) with a three-holed rubber stopper. Through one hole insert a glass tube 
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containing mercury, and with a platinum wire sealed into the bottom; from this 
suspend a plate electrode of lead foil to serve as cathode. Make the wire from the 
negative pole of the battery dip into the mercury. Through the second hole in the 
stopper insert a gas delivery tube leading to the absorption vessel A. The third 
hole in the stopper carries a tube that leads to the Erlenmeyer flask E containing a 
little water, which, in turn, is connected with the empty flask F, and the latter with 
the rubber tubing shown in Fig. 49. This tubing leads to the hood. Such an 



arrangement provides for the regulation of the pressure in the cathode space. If 
the pressure there exceeds that of the anode space, a part of the arsenic solution will 
pass into the anode compartment and be lost in the analysis. By applying suction 
at the extreme end of the absorption apparatus so that bubble after bubble of air 
passes through the Erlenmeyer, it is easy to overcome the pressure in the absorption 


vessel without having diminished the pres- 
sure in the cathode compartment enough 
to tear the parchment membrane. 

Procedure. — The arsenic solution 
to be tested must contain all the 
arsenic in the trivalent condition. 
First of all, fill the anode compart- 
ment within 3 cm of the top with 
2N sulfuric acid, pour the arsenite 
solution into the cathode compart- 
ment and fill this within 3.5 cm of 
the top, leaving the level of the liquid 
about 0.5 cm lower than on the 
other side of the U-tube ; the concen- 
tration of the arsenic solution in the 
U-tube, after this dilution with acidj 



should not exceed 80 mg AS 2 O 3 in 
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50 ml of solution. Place the U-tube in ice-water and connect the gas 
delivery tube with two ten-bulb absorption tubes, of which only one is 
shown in the drawing. Into the first absorption tube place an accu- 
rately measured volume of 0.1 iV iodine solution, and into the second 
tube, which is not shown in the drawing, 10 ml of standard 0.1 iV 
sodium thiosulfate solution diluted with 40 ml of water. The purpose 
of the sodium thiosulfate solution is to catch any iodine that may escape 
from the first absorption tube. While the absorption vessels are being 
filled, the arsenic solution should be in the ice- water, and its temperature 
should be about 0 ° when the analysis is ready to begin. Apply gentle 
suction at the end of the second absorption tube, close the electric 
circuit, using 2-3 amperes as in the preceding method of analysis, and 
regulate the suction so that bubble after bubble of air slowly streams 
through the pressure regulator and into the cathod(i compartment 
throughout the duration of the electrolysis. Moreover, ta,ke care that 
sufficient ice remains in the cooling bath. When all the conditions are 
maintained satisfactorily, the liquid in the cell should remain perfectly 
clear, or at the worst be colored only by a slight brownish turbidity 
which eventually disappears. If a black turbidity is formcHl that settles 
to the bottom of the U-tube, something has goiu^ wrong and it is useless 
to continue the experiment. In a normal (^xpcaimont, tlio evolution of 
the arsine is finished in an hour, if not morc^ than 50 mg of AS 2 O 3 is 
present. Then turn off the curnmt and pour the (ion (.(aits of the two 
absorption tubes (first the iodine and tlum th(^ i/hiosulfai/(^ solution) into 
a beaker conta,ining 5 ml of a saturatcnl solution of pure NaHCOjj. 
Titrate the excess of iodine with 0.1 A sodium thiosulfa.t(^ solution using 
starch solution as indicator. If on mixing tlui contemts of tlu^ two ab- 
sorption bulbs the solution is dc^colorized, finish tlu^ tata’atlon with 0.1 A 
iodine. 

This method can be carried out very (easily and givers accuirate re- 
sults in the presence of iron, so that it is suitai)l(i for a rapid (ki.enanina- 
tion of the arsenic present in iron mincirals. 

W. D. Treadwell* recomnumds a, simpkn* a-p])ara,tus, shown in Fig. 
51. The glass beaker is about 14 cm tall. Tho catiiodc^ comi)a.ri-m(int, 
from which the arsine is evolved, consists of a glass tub(^ alxjut 12 cm 
tall and 2.5 cm wide, fastened at the bottom, by means of t)he short 
piece of rubber tubing, 0, to the porous diaphragm T of the same out- 
side diameter. This bottom part is made by sawing off the bottom of 
an ordinary porous cell, leaving an edge of only about 1 cm. Tha glass 
tubing is shown separated from the diaphragm in tiie drawing merely 


' Elektroanalytische Mothoden ( 1915 ). 
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to indicate that the two tubes are joined at this place. As cathode, 
use a piece of lead wire wound into a spiral as shown by Z in the draw- 
ing. Thicken the lead wire at the top so that it fits tightly into the 
glass tubing of H, thus pre- 
venting loss of arsine through 
this tubing. Outside of this 
cathode compartment place 
an ordinary platinum gauze 
electrode to serve as anode. 

Pour 4:N sulfuric acid into 
the beaker and cover the 
anode with this electrolyte. 

Pour the solution to be tested 
for arsenic into the cathode 
compartment and have the 
level of the sulfuric acid in 
the beaker about 2 cm higher 
than that of the solution 
around the cathode. Close 
the cathode compartment with a stopper carrying the cathode and the 
gas delivery tubing. Place the beaker in ice-water to keep the tem- 
perature below 10°, and electrolyze as described above. The absorp- 
tion flask J should contain 25 ml of 0.1 N iodine solution, and it should 
be connected with a similar absorption flask containing 25 ml of 0.1 AT 
thiosulfate. Both solutions must be measured carefully from a pipet 
or buret. 



Determination of Arsenic in Mispickel 

Fuse 1 g of the finely powdered mineral in a nickel crucible with 6 g 
of sodium carbonate and 1 g of potassium nitrate. Extract the result- 
ing melt with hot water and wash the residue (Fe 203 , NiO) with hot 
sodium carbonate solution. To the filtered solution add 200 ml of water 
saturated with SO 2 to reduce the arsenic, boil to expel the excess of 
SO 2 , allow to cool, dilute to 500 ml with water and sulfuric acid so that 
the entire solution is about 2iV in H2SO4, and determine the arsenic 
as outlined above, using one-tenth of the solution. 

Instead of extracting the melt with water, it may be treated with 
dilute sulfuric acid, whereby all the iron goes into solution. After this 
solution has been reduced with sulfurous acid, the analysis of an aliquot 
part gives the same result as when the first procedure is followed. 
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ANTIMONY, Sb. At Wt 121.76 
Forms: SboSa, Sb 204 , and Sb 
1. Determination as Trisulfide, Sb 2 S 3 
(a) Method of F. Henz* 

The best method for the determination of antimony is unquestionably 
the following: 

Conduct hydrogen sulfide for 20 minutes into the cold solution, 
which should be about N in HCl, then, without stopping the current of 
hydrogen sulfide, slowly heat the solution to boiling and continue the 
stream of hydrogen sulfide for 15 minutes more. Remove the flame, al- 
low the precipitate to settle, and decant through a Gooch crucible which 
has been heated at 280-300° and weighed. Wash the precipitate four 
or five times by decantation with 50-75 ml of hot, very dilute acetic 
acid into which hydrogen sulfide has been passed. Wasli on the filter 

with the same liquid until 
all chloride is removed. 
At first the filtrate runs 
through perfectly clear, 
but after all the mineral 
acid has been removed, 
the filtrate shows a slight- 
ly oraJig(i tint, owing to an 
u nwcnghable amount of 
the antimony sulfide pass- 
ing through in colloidal 
Bolution. Ab soon as this 
point is reached, stop the 
washing. 

Plac(5 the crucible, after 
the precipitate has been 
dried as much as possible 
by suction, in the tube R, 
Fig. 52, which is fitted to 
a drying oven (about 18 
cm long and 10 cm high 
and covercid with asbestos 
paper). Close the tube R with a rubber stopper that holds a glass 
delivery tube, and push R into the drying closet until tlu^ end of the 
stopper is reached. To protect the rubber stopper during the sub- 

* F. Henz, Z. anorg. Chem., 37, 18 (1903). 



Fig. 52. 
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sequent heating, fit a Rose crucible cover against it, holding it in place 
by wrapping the tube a with a strip of asbestos paper. 

Expel all air from the tube by a stream of dry, air-free carbon dioxide* 
and heat for 2 hours at 100° to 130°. 

Inasmuch as the tube R extends so far 
into the drying oven, there is no danger 
of water condensing in the tube; it is 
all expelled as vapor at b. The precipi- 
tate is now dry and the air completely 
expelled from the heating tube. 

Now withdraw the tube R a little 
ways out of the oven, about 5 cm, as 
shown in the drawing, raise the tem- 
perature to 280-300°, and keep it there 
for 2 hours. 

Hereby some sulfur is volatilized and 
collects in the tube R outside the oven. 

The orange pentasulfide is also com- 
pletely changed into the black antimony 
trisulfide by this heating, f Allow the 
crucible to cool in the stream of carbon 
dioxide, transfer to the balance case,t let stand half an hour and weigh. 

* In order to obtain accurate results it is necessary to have the carbon dioxide 
perfectly free from air. This may be prepared by the use of the Kipp generator as 
modified by Henz (Chem. Ztg., 1902, 386); see Fig. 53. 

This differs from the ordinary form of the Kipp apparatus only as regards the 
siphon tube a; but herein lies a distinct advantage. The apparatus is charged as 
follows: First of all, place pieces of pure marble in the middle compartment, open 
the stopcock, and pour water through the upper compartment until it begins to 
run out through the stopcock, which is then closed. By this means all the air has 
been expelled from the lower parts of the apparatus and it remains only to introduce 
the hydrochloric acid. To accomplish this, allow the water to run out through the 
siphon while pouring 2.5 N hydrochloric acid in at th^ top of the generator. As 
soon as carbon dioxide begins to be evolved close the tube a, and the apparatus is 
ready for use. When the acid has become too weak, remove it through the siphon, 
pouring in a fresh supply at the top; there is no need of taking the apparatus apart 
during this operation. It is obvious that the same apparatus can be employed to 
advantage for generating hydrogen or hydrogen sulfide. 

t According to Paul (Z. anal Chem., 31, 540 (1892)), the transformation of anti- 
mony pentasulfide can be accomplished at 230° but it is much more rapid at 280- 
300°. It is more difficult to replace the air completely with carbon dioxide in Paubs 
drying oven. 

t Roll up a piece of writing-paper and place it in the tube E, so that the crucible 
does not come in contact with any of the sulfur sublimate, on withdrawing it. Re- 
move the crucible with the paper. 
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The black antimony trisulfide is not at all hygroscopic. A further 
heating in the current of carbon dioxide will rarely show any change 
in weight. 


(&) Method of Vortmann and Metzl* 

When antimony is precipitated by hydrogen sulfide from a hot solu- 
tion which is strongly acid with hydrochloric acid, the sulfide eventually 
becomes grayish black in color, is crystalline, and can be filtered easily 
and washed with water without the slightest tendency to pass into the 
hydrosol condition. 

To each 100 ml of neutral solution in an Erlenmcycr flask, add 24 ml 
of 12 N hydrochloric acid. Heat to boiling, and subject the hot solu- 
tion to the action of hydrogen sulfide gas. Place the Erlenmeyer flask 
containing the solution in a dish of boiling wa,tcr and kecip the water 
boiling during the precipitation. It is advisa-ble to introduce the 
hydrogen sulfide gas quite rapidly at firsi/, but towards the end a slow 
stream is sufficient. The antimony sulfide as it comes down is yellow 
at first, but as the precipitation proceeds, it becomes redder; gradu- 
ally it becomes heavier and denser, assumes a crystalline form and 
becomes darker and finally black in color. The transformation into 
the crystalline form is hastened by shaking the (husk. At first, while 
the precipitate is of a yellowish color, there is no need of shaking the 
flask, but later on it is very desirable to do so. The shaking, bowcjver, 
should not be too violent, as otherwise some of the pnKjipit.ate is likely 
to adhere to the upper portions of th(^ fla-sk and (iscapo the transfor- 
mation. The reaction requires 30-35 ininui<es. Finally a heavy, dense, 
crystalline precipitate of antimony trisulfidc^ is obtained which settles 
well and permits a rapid filtration. Dilute the solution with an equal 
volume of water, allowing it to flow around thc^ walls of thc^ fhisk in order 
to wash down any adhering sulfide. The dilution almost always causes 
the formation of a slight yellow turbidity. The n^jison for this is that a 
little of the antimony is held in solution by the si-rong acid and as the 
solution is diluted this is caused to precipitate^, by the dissolved hydro- 
gen sulfide. Once more shake the flask, replace it in the vessel of boil- 
ing water, and introduce more hydrogen sulfide. In 2 or 3 minutes 
the solution above the precipitate will becomci clear. Filter through 
a Gooch crucible, wash with water to remove the acid, then with 
alcohol, place in the drying-oven, and heat as described under (a). 


Z. anal. Chem.y 44, 526 (1905). 
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2. Determination as Tetroxide, Sb 204 (Bunsen) 

This method is based upon the fact that antimony pentoxide, when ignited at a 
definite temperature, changes into Sb 204 . Bunsen,* * * § who first proposed the method, 
later abandoned it because his assistant succeeded in volatilizing more than 0.1 g 
of the precipitate by heating it over the blast lamp.f Brunck,J Rossing,§ and 
Henz|| have shown, however, that accurate results can be obtained. In 1897, 
Baubigny^ discovered that antimony pentoxide is converted quantitatively into 
the tetroxide at a temperature of 750°-800°. The literature is conflicting with re- 
gard to the volatility of Sb 204 . This oxide is often regarded as antimonous anti- 
monate with one atom of antimony in the trivalent condition and the other atom 
in the quinquevalent state. The oxide Sb 204 is very easily reduced and Sb 203 
volatilizes quite rapidly at 1000° (0.35 g in 30 minutes). 

Procedure. — In most cases it is desired to determine the amount of 
antimony present in a mixture of its tri- and pentasulfides, or in a mix- 
ture of one or the other of the two compounds with sulfur. It is best to 
proceed as follows: Precipitate the sulfide of antimony from a hot 
solution, wash the precipitate first with hot water, then with alcohol, 
afterwards with a mixture of alcohol and carbon disulfide (in order to 
remove the sulfur),** again with alcohol, and finally with ether. Then 
dry the precipitate, separate the bulk of the precipitate from the filter 
and place it upon a watch glass. Put the filter in a small porcelain dish 
and boil it with a little freshly prepared ammonium sulfide solution 
stirring constantly with a glass rod. Pour the resulting solution 
through a small filter into a 30-ml porcelain crucible, and treat the 
filter repeatedly .with ammonium sulfide until it is no longer colored 
brownish red at the edge of the paper, where it begins to dry; the ex- 
traction of the antimony sulfide is then complete. Evaporate the solu- 
tion in the crucible to dryness and add the main part of the precipitate. 
To oxidize the antimony sulfide, Beckett places the crucible, with a 
dish of fuming nitric acid beside it, under a bell-jar and allows it to 
stand over night. The vapors of fuming acid slowly oxidize the pre- 
cipitate in the crucible and in the morning it is possible to complete 
the oxidation by means of nitric acid (d. 1.4) without the reaction being 
too violent. Heat the crucible on the water-bath until the precipitate 
becomes white and the greater part of the acid is expelled. Add a 
little water and, with stirring, enough concentrated ammonia to give an 

* A 7 in. Chem. u. Pharm., 106, 3 (1858) .• 

t Ibid., 192, 316 (1878). 

t anal. Chem., 34, 171 (1895). 

§ Ibid., 41, 9 (1902). 

II Loc. cit. 

^ Compt. rend., 124, 499 (1897). 

** Thiele, Ann. d. Chem. und Pharm., 263, 372, 
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alkaline reaction. Evaporate the contents of the crucible to dryness 
on the water-bath, carefully heat in an air-bath (Fig. 14, p. 37) until 
no more fumes of sulfuric acid are evolved, and then for half an hour 
at 800° in an electric oven. Cool in a desiccator, transfer the crucible 
quickly to a glass-stoppered weighing beaker, allow to stand 20 min- 
utes in the balance case, and then weigh. Repeat the ignition and 
weighing until a constant weight is obtained. 

3. Determination of Antimony as Metal 

Antimony may be deposited from acid solutions by means of the electric current; 
the metal, however, does not adhere well to the electrode, so that this method can- 
not be used for its quantitative determination. On the other hand, the following 
method is suitable; it was first proposed by Parrodi and Mascaz^iiiii,'^^ then modi- 
fied by LuckoWjf and afterwards improved by Classen and Reiss. :j: According to 
the experience in the author’s laboratory, it is not so accmratc as the trisulfide method. 

If a solution of sodium or ammonium thioantimonite, or antimonate, containing 
not more than 0.2 g Sb in a volume of about 140 ml is subjected to electrolysis with 
a current of 1-1.5 amperes at G'S® for 90 minutes, the antimony will be deposited 
upon a platinum dish, which has been etched by treatment with dilute aqua regia, 
as steel-gray, metallic antimony, and the deposit adheres so firmly that it can be 
dried and weighed without loss. The chief condition for the success of this oper- 
ation is the absence of polysulfides. If these substances arc present the antimony 
is incompletely deposited and in some (;ascs not at all, or the deposited antimony 
may pass into solution, on ac(* * * § ,ount of being oxidized to sodium thioantimonite by 
means of the sodium polysulfide whiijh is formed at the anode during the electrolysis: 
2 Sb + 3 NasSa = 2 Na^ShSa. 

It is necessary, therefore, to prevent the formation of polysulfides during the 
electrolysis. For this reason Lecrenier§ added sodium sulfite to the bath, whereby 
the polysulfide is transformed into thio8ulfat.e: Na 2 B 2 + Na 2 S 03 ~ NaoS 20 .'j -f Na 2 S. 

Ost and Klapproth|| carry out the electrolysis with the aid of a diaphragm to 
keep the polysulfide away from the cathode. 

It is better, however, to make use of potassium cyanide for this purpose. Na 2 S 2 
+ KCN - NaaS -h KCNS. 

Procedure. — Usually the antimony is first isolated as the sulfide, 
which is either precipitated by hydrogen sulfide from acid solution or 
obtained by acidifying an alkaline solution of the sulfo-salt. Dissolve 
the filtered and washed precipitate, corresponding to not over 0.2 g 
Sb, on the filter by pouring pure sodium sulfide solution (ri. 1.14) over 

* Z. anal Chem.y 18, 587 (1879). 

t lUd.y 19, 13 (1880). 

t Ber.y 14, 1629 (1881); 17, 2474 (1884); 18, 408 (1885); 27, 2074 (1894). 

§ A. Lecrenier, Chem. Ztg., 13, 1219 (1889). 

II Z. angew. Chem.y 1900, 828. 

If Cf. A. Fischer, Ber., 36, 2048 (1903); Z. anorg. Chem., 42, 363 (1904); Hollard, 
BuU. soc. chem.y 23 [3] 292 (1900); F. Henz, Z. anarg. Chem.y 37, 31 (1903). 
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it. Catch the solution as it runs through the filter in a weighed platinum 
dish with etched inner surface. After washing the filter with the so- 
dium sulfide solution, the total volume of the liquid in the platinum 
•dish should not be above 80 ml; if less than this, add more sodium 
sulfide solution. Dilute the solution with 30 ml of 10 per cent, freshly 
prepared pure potassium cyanide solution and dilute to 125 ml. Heat 
to 65° (not over 70°) and electrolyze with a current of 1. 2-1.3 amperes 
and electrode potential of 2-3 volts. After 1.5-2 hours all the antimony 
will be upon the cathode in the form of a firmly adhering, light gray 
deposit.* Now, without breaking the circuit, siphon off the electro- 
lyte, while adding water until the current ceases to pass through the 
liquid (the voltmeter connected as ammeter points to the zero read- 
ing). Remove the cathode, wash thoroughly with water, then with 95 
per cent alcohol, dry at about 80°, cool in a desiccator, #nd weigh. The 
results by this method are usually a little high. 

Cleaning the Electrodes. — Ostf recommends heating with a mixture 
of equal parts concentrated nitric acid and a saturated solution of 
tartaric acid. The antimony will also dissolve readily by heating with 
a solution of alkali polysulfide. 

Tin, Sn. At. Wt. 118.7 
Forms: Sn02, Sn 

1. Determination as Tin Dioxide, Sn02 

Two cases are to be distinguished; 

(a) The Tin is Present as Metal {in an Alloy). 

(h) The Tin is Present in Solution. 

(a) The Tin is Present in an Alloy 

Procedure. — Dissolve 0.5 g of borings in a small beaker with 15 ml 
of 6iV nitric acid, d. 1.2. Evaporate the solution just to dryness on the 
water-bath, and remove the beaker as soon as this stage is reached. 
Treat the residue with 20 ml of 2N nitric acid, heat to boiling, and 
decant off the solution through a hardened filter paper. Repeat this 
treatment. Complete the washing by boiling and decanting with 1 per 
cent ammonium nitrate solution. Keep as much of the precipitate 

* To make sure that the deposition is complete, the liquid may be transferred 
quickly to a second dish and electrolyzed for half an hour longer. It is seldom that 
any gain in weight will be shown by this dish. 

t Z. angew. Chem., 1901, 827. 
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as possible in the original beaker, and the total volume of the filtrate 
under 150 ml. Examine the first portions of the filtrate for metastannic 
acid, refilter if necessary, and remove each successive portion from 
below the funnel before adding more wash water. Wash the precipi- 
tate with 1 per cent NH4NO3 solution until a portion of the filtrate will 
give no test for copper or lead on adding a little ammonium sulfide 
solution (or for copper with K4Fe(CN)6 solution). Save the precipitate 
for the tin determination. 

To determine the copper and lead electrolyze this solution, and 
the nitric acid solution obtained below, with platinum gauze electrodes 
with a current of 0.25 ampere for 4 to 6 hours and then one of 0.1 
ampere for 18 to 20 hours. The copper will be deposited on the cathode 
as metallic copper and the lead upon the anode as Pb02. (See p. 201.) 

Ignite the precipitate at first gently and finally strongly, over a Meker 
burner or a blast lamp, in an open porcelain crucible, and weigh as Sn 02 . 

The tin dioxide thus obtained is never pure; it always contains small 
amounts of other oxides and should be purified by one of the following 
methods: 

(a) After weighing, add to the precipitate six times as much of a 
mixture consisting of equal parts sodium carbonate and pure sulfur. 
Heat in a covered porcelain crucible over a small flame until the excess 
of sulfur is almost entirely removed. This point is easily recognized by 
there being no longer any odor of SO 2 and no blue flame of burning sulfur 
evident between the cover and the crucible. Cool and dissolve the melt 
in a little hot water; the tin goes into solution* as sodiixm thiostannate 
(cf. Vol. I), together with some copper and iron. Trea.t the deep brown 
liquid, therefore, with sodium sulfit(‘t solution until it becomes only 
slightly yellow in color; any iron or copper, etc., will now bo precipi- 
tated quantitatively as sulfides. Filter off the latt(T and wash first with 
water to which a little sodium sulfide has becm arlded and finally with 
hydrogen sulfide water. As a rule the amount of insoluble sulfide 
formed by this trciatmcnt is so small that after drying it can b(^ ignited 
in an open porcelain crucible and changed to oxide without introducing 
any appreciable error. If this weight is subtracted from the original 
amount of impure stannic oxide, the weight of pure stannic oxide will 
be obtained. If, however, the amount of impurity present with the 
residue of metastannic acid is large, the differemt metals must be sepa- 

* Frequently a single fusion with sodium carbonate and sulfur is insufficient; 
this is recognized by obtaining a sandy residue insoluble in water. In thi,s case 
filter off the residue, wash, dry, and repeat the fusion. 

fThe sodium sulfite changes the sodium polysulfide to monosulfide, in which 
copper and iron sulfides are insoluble. 
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rated, according to one of the methods for the separation of the sulfo- 
bases, the weight of each oxide determined separately, and the sum of 
their weights subtracted from the original weight of the tin dioxide. 
Instead of determining the amount of impurity present with the tin 
dioxide, the filtrate from the insoluble sulfides can be acidified with 
acetic acid and the tin precipitated as yellow stannic sulfide, which, 
after it has completely settled, can be filtered off and changed by care- 
ful ignition in an open porcelain crucible to tin dioxide, as described 
on p. 226, and weighed as such. 

(h) Instead of igniting the precipitate, wash it into a porcelain evapo- 
rating dish, evaporate on the water-bath almost to dryness, and then 
treat with 1 ml of pure sodium hydroxide solution and 10-15 ml of 
saturated sodium sulfide solution. Cover the evaporating dish wdth a 
watch glass, and heat for about 45 minutes on the water-bath, whereby 
all the tin should pass into solution, and the other metals remain un- 
dissolved as sulfides. Filter and wash with very dilute sodium sulfide 
solution. 

The filter upon which the metastannic acid was filtered still retains 
some of the precipitate. Spread it out, therefore, in a second small 
evaporating dish, cover with about 1 ml of sodium sulfide solution, and 
heat on the water-bath. After half an hour, aU the tin should be dis- 
solved. Pour the solution through a small filter and wash the latter 
with a little hot water. 

Dry the two filters, ignite in a porcelain crucible, treat the ash with a 
small quantity of strong nitric acid, and add the resulting solution to 
that obtained by dissolving the alloy in nitric acid. 

For the determination of the tin, combine the two solutions contain- 
ing sodium thiostannate, make acid with acetic acid, and boil to expel 
the hydrogen sulfide. Filter off the precipitated stannic sulfide, wash 
once with water to remove the most of the alkali salts, then transfer 
back to the original beaker and dissolve in 10 ml of 50 per cent potas- 
sium hydroxide solution and 1 g tartaric acid; these quantities suffice 
for 0.1-0.2 g of tin. To the solution, add pure 30 per cent hydrogen 
peroxide (Perhydrol, Merck) until the yellow liquid becomes perfectly 
colorless, then add 1 ml in excess. Boil the solution for 10 minutes to 
make sure that the oxidation is complete and that the excess of peroxide 
is decomposed. As soon as no more bubbles of oxygen are evolved, 
allow the solution to cool somewhat and add cautiously 15 g of oxalic 
acid dissolved in a little hot water. Electrolyze the hot solution as 
described on p. 227. 

The precipitated stannic sulfide, as obtained above by acidifying the 
sodium thiostannate solution, may be ignited in a porcelain crucible and 
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weighed as Sn02. The results are usually a little high and the method 
is not as accurate as the electrolytic determination. See below; /3. 

(6) The Tin is Present in Solution 

(a) The Solution Contains Tin Only 

If the solution contains only tin in the form of stannic salt (chloride 
or bromide), add a few drops of methyl orange indicator solution and 
then ammonia until the pink color of the indicator is changed to yellow. 
Add 24 g of ammonium nitrate and dilute the solution to a volume of 
300 ml Heat to boiling, filter after the precipitate has settled, wash 
with hot 2 per cent ammonium nitrate solution, ignite in an open por- 
celain crucible, and weigh as Sn 02 . 

Remark — If the solution contains non-volatile organic acids, this method can- 
not be used for the determination of tin. In this case the tin must I)e first precipi- 
tated as sulfide by means of hydrogen sulfide (see below). If the tin is not in solu- 
tion as stannic salt but as stannous salt, the solution must be first o.xidized by the 
addition of bromine water until a permanent yellow color is obtained, after which 
the solution can be neutralized with ammonia and trea,tcd as above described. 

According to J. Lowenthal,* tin can be precipitated from sliglitly acid stannic 
chloride or bromide solutions by boiling with ammonium nitrate. Add methyl 
orange to the solution and then ammonia until a yellow Holution is obtained;'!’ now 
add dilute nitric acid, drop by drop, until the solution just l)e(uunGS pink again, and 
continue as described above. 

(/3) The Solution Contains^ besides Tm, Metals of the Ammonium 

Sulfide Group or Organic Substances 

In this case, independent of whether tho tin is present in the form of 
stannic or stannous salts, conduct hydrogen sulfide into the dilut (5 solu- 
tion until it is saturated with the gas; allow the solution to stand until 
the odor of hydrogen sulfide has almost disappt^ared a,nd then filter. 
Wasbi^he precipitate with a 2 per cent ammonium nitrate solution, dry, 
ti^^er as completely as possible to a porcelain crucil)lc, and add the 
jP^f the filter. Heat the tin sulfide at first gently with the flame well 
"'^Rtont of the inclined open crucible to avoid loss by decrepitation, and 
, rfterwards with the flame at the base of the crucible until the odor of 
-V'/ sulfur dioxidA is no longer perceptible. Now raise the temperature 
gradually until finally the full heat of a good Tcclu or Mdker burner is 
obtained. As tin dioxide holds fast to some sulfuric acid wit-h great 
tenacity, after cooling the crucible somewhat add a piece of ammonium 

* J. prakt. Chem.f 66, 366 (1852). 

t The excess of acid cannot be removed by evaporation on account of the volatility 
of stannic chloride. 
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carbonate the size of a pea. Again heat and weigh as Sn02. Repeat 
the heating with ammonium carbonate until a constant weight is 
obtained. 

Remark. — F. Henz* in testing this method always obtained results which were 
a little too high. This is due to the fact that it is difficult to wash the stannic sul- 
fide precipitate free from sodium salts. It is best, therefore, to dissolve the well- 
washed stannic sulfide precipitate in a little sodium sulfide, transform the thiostan- 
nate into stannioxalate, and determine the tin by electrolysis (see below), or as 
oxide by the method of Lowenthal (see above directions). 

2. Determination of Tin as Metal 

The electrolytic deposition of tin from a solution of the ammonium stannioxalate 
gives excellent results. It is necessary, however, to have free oxalic acid always 
present while the solution is undergoing electrolysis. During the process, ammo- 
nium oxalate is changed by anodic oxidation into ammonium bicarbonate and 
carbon dioxide: 

C204"~ + 2 H 2 O -f 2 @ = 2 HCOg" -h 2 H+ 

HCO 3 " + H+ H 2 O + CO 2 T 

and the solution will smell of ammonia as a result of the hydrolysis of ammonium 
carbonate. When this point is reached no more tin is deposited. The ammonia 
often precipitates some stannic acid, which escapes the electrolysis. It is necessary, 
therefore, to avoid letting the bath become ammoniacal, and this is best accomplished 
by adding a little solid oxalic acid from time to time. 

In the following method the electrolysis is accomplished in a potassium oxalate 
solution. Not more than 0.3 g of tin should be present in the solution analyzed. 

Procedure. — In the course of an analysis it is usually necessary to 
precipitate the tin from a solution of alkali thiostannate. This is best 
accomplished as follows: Decompose the thio-salt by acidifying with 
acetic acid, boil to expel hydrogen sulfide, and dissolve the sulfide by 
adding 15 g of solid potassium hydroxide. Oxidize by adding perhy- 
drol (concentrated H 2 O 2 ) drop by drop. At first the color of the solution 
deepens but eventually it becomes colorless. Finally boil 10 minutes, 
add 15 g of oxalic acid, and boil 10 minutes more. Then dilute to about 
150 ml, heat to 65°, and electrolyze with a current of 1 ampere and 3-4 
volts potential at the electrodes; at the end of about 6 hours all the 
tin will have been deposited upon a gauze electrode. Wash the deposit 
with water, exactly as prescribed for nickel on p. 143, then with alcohol, 
dry by holding above a flame, cool in a desiccator, and weigh. The 
results are excellent. 

Remark. — If ammonium oxalate is used in place of the potassium oxalate, the 
electrolysis requires more time (8 to 10 hours). By the addition of hydroxylamine 
the duration of the electrolysis is shortened (Engel). 


Z. anorg. Chem., 37 , 39 (1903). 



228 


GRAVIMETEIC ANALYSIS 


If the solution becomes turbid during the electrolysis, insufficient caustic potash 
solution was used. Add 2-3 g of potassium hydroxide to dissolve the turbidity. 

Separation of Arsenic, Antimony, and Tin from the Members of the 
Ammonium Sulfide Group 

The separation is effected by passing hydrogen sulfide into the acid 
solution of the above metals whereby arsenic, antimony, and tin are 
precipitated as sulfides while the remaining metals remain in solution. 

From an alloy, or the solid thio-salts of the above metals, arsenic, 
antimony, and tin may be readily volatilized by heating in a stream of 
chlorine; the chlorides of these three metals are readily volatile, whereas 
those of the remaining metals are only difficultly so. 

Separation of Arsenic, Antimony, and Tin from Mercury, Lead, Copper, 
Cadmium, and Bismuth 

The qualitative analysis of a mixed sulfide precipitate containing the above 
metals has been given in Vol. I (pp. 2.S9, 294): in Method A, the precipitate is 
treated with sodium polysulfide; in Method B, ammonium polysulfide is used. 
As a result of the treatment, the sulfides of As, Sl>, and Sn pass into solution, together 
with Hg if NaoS^ is used, Cu, Pb, Bi, and Cd remaining insoluble. If (NIT 4 )i)S 2 is 
used, Hg is included in the Cu group. 

These procedures, though sat.isfactory from a (lualitai-ive point of view, do not 
effect a complete separation of the eight elements, a,ud the (|uantitative analysis of a 
sulfide precipitate containing t.hem all is a very (H)inplex ])rol)lorn. No simple 
process of general applicability (^an be given. The chief <liffi(niltioH are: 

1. Generally speaking, slightly ineomplet.c extriict-ion of tin aiid autimoiiy from 
the mixed precipitate, necessitating a rop(4,ition of tlio protiedure. 

2. Partial solubility of copper and bismuth sulfides in alkaline polysulfides. 

3. Insolubility of stannous sulfidci iti alkaline rnonosulfido, anti iriconiplote extrac- 
tion of antimony bisulfide by that reagent,. 

4. In presentee of mercury, formation of mixed or sulfides of mercury 

with cadmium, tin, or (.*opi)er, whitdi modifies the roatd-ions of thtise metals. 

However, the simultaneous presence of all the above rne<,alH in on(‘ and the same 
substance is so rare an occ.ivrreuc.e that, it ma,y he ruled out for pra(‘t,it'al purposes. 
In particular, mercury is not abundant in na.t.ure, and stildorn used in alloys; its 
principal ore, cinnabar, may be found assotaated with sulfidt^s of he, Cu, As, Sb, and 
Pb. The mercury determination in su(4i ores is (conducted by a volatilization 
process (cf. p. 183). In Eschka's method, the powdered ore is mixcaJ with i)ure iron 
filings in a tall por(!elain (Tucible supported by a well-fitt.ing [)erforated a,abeHtos 
plate so that only the lower one-third of the crurablc proje(4,s below the plate. The 
crucible is closed with a tight-fitting concave gold lid filled witli waf.cr. The bottom 
of the crucible is heated by a small flame. Aff,er cajoling, the lid is removed, washed 
with alcohol, dried for a very shcjrt time, and weighcxl. The lid is then gently 
ignited and again weighed, the difference giving the mercury. 

Cadmium is another element which is rarely met witli in minerals other than zinc 
ores, in which it occurs in small quantities. It is an important cionstituent of certain 
fusible alloys: thus, Wood’s metal consists of Bi, Cd, Sn, and Pb. Its analysis is 
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conducted like that of tin aUoys (p. 223), the tin being separated as insoluble meta- 
stannic acid by treatment of the alloy with nitric acid. The nitrates of the other 
metals are converted into chlorides, and the lead chloride is collected as a residue 
insoluble in alcohol (p. 189), Bismuth is then precipitated as oxychloride; the 
cadmium is left in solution, from which it is recovered as sulfide, and this is converted 
into and weighed as sulfate (p. 198). 

The metals other than mercury and cadmium are more frequently found together, 
and their separation will now be considered. 


Separation of Arsenic, Antimony, and Tin from Lead, Bismuth, 

and Copper 

The separation is carried out, as in qualitative analysis, by treatment with alkaline 
sulfide, forming soluble thio-salts of As, Sb, and Sn and insoluble sulfides of Pb, Cu, 
and Bi. It is generally preferable to use sodium sulfide; if Sb preponderates, 
potassium sulfide should be used, as the sodium salt of complex Sb salts are sparingly 
soluble; ammonium sulfide is used in separations affecting mercury. 

The best separation is obtained if all the metals are in solution (case a); if they 
are in the form of a sulfide precipitate, the separation to be quantitative may have 
to be repeated (case 6). If the metals are present as an alloy, low-temperature 
fusion with sodium sulfide is very convenient and effective (case c). Lastly, if 
insoluble or complex compounds have to be treated, fusion with sodium carbonate 
and sulfur is recommended (case d). 

(a) The Metals are in Solution. — The metals should be in their higher 
state of oxidation (solution in aqua regia^ or chloride solution treated 
with potassium chlorate or nitric acid). Add at least six times as much 
tartaric acid as there are metals present, and a slight excess of sodium 
hydroxide. Dilute to about 100 ml, pour the hot solution drop by drop, 
while stirring, into a hot solution of 5 to 10 g of sodium sulfide in 100 ml 
of water. Digest on the water-bath for half an hour, pass hydrogen 
sulfide through the liquid, allow the precipitate to settle, filter, and wash 
the precipitate thoroughly with dilute sodium sulfide solution. 

(5) The Metals are Contained in a Sulfide Precipitate. — Heat the 
precipitate with a solution of 5 to 10 g of sodium sulfide in less than 50 ml 
of water. After boiling for a minute, allow the precipitate to settle on 
the water-bath, and if it shows a yellow color, treat with sodium sulfite 
solution (p. 224), stir, dilute with 100 ml of hot water, and set aside on 
the water-bath for half an hour. Filter off the precipitate and wash it 
with dilute sodium sulfide solution. Unless it is quite small, it is ad- 
visable always to retreat the precipitate, by dissolving it in aqua regia 
and applying procedure (a). Combine the filtrates (containing As, 
Sb, Sn). 

(c) The Metals Occur as an Alloy. — White alloys (lead or tin base 
bearing metals) and copper alloys are most commonly met. In the 
case of white alloys, oxidize 1 g of sawings with nitric acid in a 
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porcelain dish, and evaporate to dryness. Triturate the residue with 
a flattened glass rod, mix with 10 g of sodium sulfide crystals and 0.2 g 
of powdered sulfur, and gently heat the covered dish so that the salt 
melts in its water of crystallization. Continue the digestion for half 
an hour; dissolve the product in 100 ml of hot ammonium nitrate 
solution. After another hour’s digestion, collect the precipitate and 
wash it with dilute sodium sulfide solution. The filtrate contains all 
the tin and antimony (arsenic); the residual lead sulfide is free from 
these metals.* 

In the case of copper alloys, separate the tin and antimony from the 
remaining metals by treating the alloy with nitric acid (see Analysis of 
Bronzes, below). .The tin is left behind as metastannic acid, insoluble 
in dilute nitric acid, and the antimony is precipitated completely if ten 
times as much tin is present. In the presence of sufficient tin, all 
phosphorus and arsenic are also found in the insoluble residue as P 2 O 6 
and AS 2 O 5 . The small quantity of the latter (and the remaining metals 
of this group) can be precipitated by hydrogen sulfide and separated 
from the copper group by means of alkaline sulfide solution (see b). 

(d) The Metals Occur as Insoluble Compounds. — Fuse the substance 
with 6 parts of sodium carbonate and sulfur mixture, etc., as directed 
on p. 224. 

For the determination of antimony in lead s\ilfatc, etc., dissolve the 
lead salt in excess of potassium hydroxide, and pour the liquid into hot 
potassium sulfide solution (see a). 

Analysis of Bronzes 

Bronze is an alloy of tin and copper in varyinji; proportions. It is likely to contain 
lead, aluminum, iron, manganese, zincj, and phosphorus. A good method tor 
determining tin, copi)er, and lead in bronze has already been given (p. 223). 

Procedure. — Place 0.5-1 g of the alloy boringst in a beaker, cover 
with 6 ml of nitric acid, d. 1.5, J add 3 ml of water, and cover the beaker 

* Biltz, anal. Chem., 81, 81 (1930). 

t The borings are usually somewhat oily, in which case they should he washed with 
ether that has been distilled over potash, dried at about 80® C, and weighed after 
cooling in a desiccator. The washing with ether is best accomidishod in a Soxhlet's 
fat-extraction apparatus, as shown in Fig. 54. Place the borings in the extraction- 
tube, and fill it with ether nearly up to the bend 6 of the siphon-arm. Connect the 
tube with the condenser K. After this add 20 to 30 ml of ether to the flask and heat 
gently on the water-bath. The ether vapors pass through the wide side-arm to the 
condenser K, where they are condensed and drop upon the borings. As soon as 
the ether in the tube has reached the height h, it is siphoned back into the flask, 
where it is again distilled. All the oil will be removed from the borings in from half 
an hour to an hour. 

t Of. p. 223. 
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with a watch glass. When the reaction begins to diminish, heat the 
liquid to boiling, until no more brown fumes are evolved, add 50 ml of 
boiling water, and keep the solution hot for at least 2 hours. Allow the 
precipitate (containing all the tin, the phosphoric acid, 
and always small amounts of copper oxide) to settle. 

Filter, wash with hot water, ignite in an open porcelain 
crucible, and weigh. In this way the weight of the 
Sn02 + P2O5 + foreign oxide is obtained. To obtain 
the weight of foreign oxide (chiefly copper oxide), fuse 
the precipitate with a mixture of sodium carbonate 
and sulfur as described on p. 224. Filter off the sul- 
fides remaining after the solution of the melt in hot 
water, and convert into oxides by ignition in the air 
and weigh. By subtracting this weight from that 
previously obtained, the weight of SnOa + P2O5 is 
obtained. To obtain the weight of the SnOa analyze 
a separate portion for phosphoric acid (see below), 
and subtract the weight of phosphoric anhydride from 
the weight of SnOa + P2O5. 

Dissolve the oxides obtained by the ignition of the 
insoluble sulfides in a little nitric acid (if FeaOs is 
present a little hydrochloric acid is also necessary) and 
add the solution of the nitrates to the first filtrate 
from the impure metastannic acid. To this solution 
add an excess of dilute sulfuric acid and evaporate on 
the water-bath as far ■ as possible. Then heat over a 
free flame until dense, white fumes of sulfuric acid are 
evolved. After cooling, add 50 ml of water and 20 ml 
of alcohol, filter off the precipitate of lead sulfate and determine its 
weight as described on p. 186. Heat the filtrate from the lead sulfate to 
remove the alcohol, precipitate copper by means of hydrogen sulfide, and 
weigh as CuaS according to p. 193. In the filtrate from the copper sulfide 
the iron, aluminum, and zinc (also manganese) will be found. Evapo- 
rate to a small volume in order to expel the hydrogen sulfide, oxidize 
by the addition of concentrated nitric acid, and separate the iron and 
aluminum from zinc by means of a double precipitation with am- 
monia,* whereby the iron and aluminum are left behind as hydroxides 

* If considerable zinc is present, the above separation is inexact. In this case 
treat the filtrate from the copper sulfide with sodium acetate, heat to 60°, saturate 
with hydrogen sulfide, and determine iron and aluminum in the filtrate, and zinc 
in the precipitate. If manganese is present in the alloy, separate it from iron and 
aluminum as described on pp. 158-163. 



Fig. 54. 
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and are analyzed according to p. 114. Precipitate the zinc in the 
filtrate, after acidifying with acetic acid, by passing hydrogen sulfide 
into the boiling solution. Filter off the precipitated zinc sulfide, dis- 
solve in hydrochloric acid, evaporate to dryness in a weighed platinum 
dish, and transform to oxide by heating with mercuric oxide by Vol- 
hard’s method (cf. p. 148). 

For the phosphorus determination Oettcl* recommends the following 
procedure: Dissolve 2-5 g of the substance, as before, in nitric acid, 
filter off the impure metastannic acid with all the phosphorus, dry, and 
transfer as completely as possible to a porcelain crucible. Add the ash 
of the filter and ignite the contents of the crucible. After cooling, 
mix the substance with three times as mucli solid potassium cyanide, 
cover the crucible, and fuse the contents; the stannic oxide is reduced 
to metal, Sn02 + 2 KCN = 2 KCNO + Sn, while the phosphoric acid 
is converted into potassium phosphate. 

By skilfully rotating the crucible during the fusion, it is possible to 
unite the small particles of molten tin into a larger button whereby the 
subsequent filtration is greatly facilitated. Afi.er cooling, treat the 
melt with water and filter. Under a good hood, cautiously a,dd hydro- 
chloric acid to the filtrate and boil to remove the hydrocyanic acid. 
Then saturate witli hydrogen sulfide to precipitate small quantities of 
copper and tin which are likely to be present. Fnn; th(,^ filtrate from 
hydrogen sulfide by boiling, make ammonia.cal, a,n(l precipitate the 
phosphoric acid as magnesium ammonium phosphates l>y iho addition 
of magnesia mixture. After standing for 12 hours, filtcu' off, wash with 
1.5 iV ammonia water, dry, ignihi and weigh as Mg^lVO?. 

Ordinary bronzes may be a.na.lyz(^d satisfactmily in th<i following man- 
ner: Treat the alloy with nitric acad a.s dcscrilx^d a])ov(^, rcamjve the 
metastannic acid by filtration and ekictrolyzc^ the filtral-t^, using a dull 
platinum dish as cathode and a pla.t(^ n,s a.nod(5, both of which are 
weighed. Carry out the? ekudrolysis with a current of 1 to 1.2 amperes 
at about 60°, and at the end of 21 to 3 hours wa.sh tlui (il(H;trod(^s witliout 
breaking the circuit. On the anode will Ix^ found ail the k‘a,d as Pb02 
and on the cathode will be found the copp(ir. Tlu^ siphomal solution 
contains the iron, aluminum and zinc, which are det(U’min(xl as a, hove. 
Determine the phosphorus in another sample. 

Remark. — The method just outlined will swe exact roBults only when the rnota- 
stannic acid is purified and the recovered solution of copper and lea,d nitrates added 
to the main solution. In the electrolysis, the chief du-n^ors to be feared a.r(i having 
the solution so acid that the copper is not all precipitated, or so dilute tliat a spongy 
deposit is obtained. 


* Chem. Ztg., 1896, 19. 
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For the phosphorus determination Lundell and Hoffman* proceed as 
follows: 

Weigh out 1-3 g of sample into a 300-ml Erlenmeyer flask and dis- 
solve in 20 ml of aqua regia. When all the metal has dissolved add 
10 ml of water and digest at 90° for 10 minutes. Dilute to 50 ml 
and treat with 100 ml of ammonium molybdate solution prepared as 
recommended by Blair (see Index). 

Stopper the flask with a rubber stopper and shake for 10 minutes, 
occasionally removing the stopper. Allow to stand 4 hours or longer 
before filtering. Filter, keeping as much as possible of the precipitate 
in the flask. Wash the precipitate 5 times by decantation with 10-ml 
portions of 1 per cent nitric acid. 

Dissolve the precipitate on the filter in 5N ammonium hydroxide 
containing 0.5 g of citric acid. Pour this on the filter in small portions, 
and catch the filtrate in the original flask containing the bulk of the 
precipitate. Do not use more than 50 ml of the ammonium hydroxide. 
Warm the solution slightly to dissolve the precipitate, replace under 
the funnel, and wash the filter with a little hot 5 per cent hydrochloric 
acid. If the ammoniacal filtrate is not clear at this stage, filter through 
the same filter and wash the filter with hot water. 

Make the solution acid with hydrochloric acid, and without regard to 
a slight precipitate of molybdic acid, which, however, seldom forms 
in the analysis of alloys with low phosphorus, add 20 ml of magnesia 
mixture (p. 209). Heat to boiling and slowly add ammonium hydroxide 
till a precipitate forms or the solution is ammoniacal. Finally add 
enough 15 N ammonium hydroxide to make the solution 1.5 W with 
ammonia and allow to stand 4 hours. Filter, wash with cold 1.5 A 
ammonium hydroxide and finish the analysis as described on p. 81. 

Separation of the Thio-acids from One Another 
Arsenic from Antimony 

For separating arsenic from other elements one of the following properties can be 
utilized: ( 1 ) Arsenic pentasulfide is less soluble than most other sulfides and can be 
formed by introducing hydrogen sulfide into a cold solution containing quinquevalent 
arsenic which has been made strongly acid by adding considerable concentrated 
hydrochloric acid. (2) Arsenic trichloride is easily volatilized from solutions con- 
taining trivalent arsenic and hydrochloric acid. ( 3 ) Arsenic in the quinquevalent 
state forms characteristic precipitates of MgNH4As04-6tl20 and of Ag3As04. 

The volatility of AsCh is the basis upon which the best methods of separating 
arsenic from other elements rest. This volatility must also be borne in mind in all 
work with arsenic compounds, and solutions of quinquevalent arsenic should not be 


Ind . Eng . Chem ., 16, 172 (1923). 
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boiled long with hydrochloric acid as there is danger of some arsenic trichloride being 
formed. Germanium is the only other element likely to be volatilized with the 
AsCh under the conditions recommended for the analysis, and in those rare cases 
where germanium is present, it can be volatilized as GeCh in a stream of chlorine; 
later the arsenic can be reduced and distilled off in a stream of hydrogen chloride gas. 

(a) Volatilization Method of E. Fischer"^ 

Principle. — This separation depends upon the ready volatility of arsenic tri- 
chloride in a current of hot hydrochloric acid gas, under which conditions antimony 
chloride is not volatile if the temperature is kept below 105°. If the arsenic is 
present as arsenic acid, as is usual, the distillation must take place in the presence of 
some reducing agent. f 

Procedure. — Use an apparatus similar to that shown in Fig. 55 for 
this determination. In the course of analysis, the arsenic and antimony, 
as a rule, are obtained first as sulfides, and these should be dissolved in 
caustic potash solution and oxidized by chlorine. Instead of using 



Fig. 55. 


chlorine, the alkaline solution may be boiled with hydrogen peroxide 
or potassium percarbonatc. If this method is used for the oxidation, 
the boiling must be continued until there is no further evolution of 
oxygen. 

Transfer the oxidized solution, by means of a long-stemmed funnel, 
to the 500-ml distilling flask. A, in which has been placed 1.5 g of 
potassium bromide. J Dilute the solution in the flask with 12 AT hydro- 

* Z. anal. Chem., 21 , 266. The process as described in the modification of M. 
Rohmer, Per., 34, 33 and 1565 (1901). 

t Fischer used a ferrous salt, 0. Piloty and A. Stock used hydrogen sulfide {Ber.y 
30, 1649), and Friedheim and Michaelis used methyl alcohol (Rcr., 28, 1414). 

i Instead of the potassium bromide, hydrogen bromide may be used which has 
previously been prepared by treating 1 g of bromine with sulfuroua acid. It is not 
permissible to introduce the bromine into the flask, A, and convert it there to hydro- 
gen bromide by introducing sulfur dioxide gas into the flask, because it is then pos- 
sible for bromine vapors to get into the receiver by means of the air which is first 
expelled from the apparatus, and the bromine would oxidize the volatilized AsCh, 
and thus interfere with the subsequent determination of the arsenic by precipitation 
as the trisulfide, or by titration. 
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chloric acid to a volume of about 200 ml. The receiver, F, consists of 
a large flask of 1.5-2 liter capacity; keep it cold by circulating a stream 
of cold water. At the start place 800 ml of cold water in the beaker, 
and during the analysis keep cold water running through the condenser 
and have it overflow into the beaker containing the receiving flask. 
With the apparatus all connected as shown in the drawing, heat the 
distilling flask and distil in a current of hydrogen chloride,* meanwhile 
constantly passing a little sulfur dioxide into the flask. At the end of 
about 45 minutes, when the volume of liquid in A is reduced to about 
40 ml, remove the flame and disconnect the T-tube between the two 
evolution flasks in order to prevent liquid from backing up into the 
wash-bottles. Rinse ofl the adapter tube which connects the condenser 
with the receiver and remove the receiver. 

Place another receiver at the end of the apparatus and make a second 
distillation to make sure that all the arsenic has been volatilized, f 
Then, for the determination of the arsenic, dilute the contents of the 
two receivers with hot water to a volume of about 1250 ml, and remove 
the excess of sulfurous acid by heating to boiling and passing a stream 



of carbon dioxide through the liquid as is shown in Fig. 56. When all 
the sulfur dioxide has been expelled (as can be shown by inserting a 
stopper with delivery tube into the flask so that the escaping vapors 
can be led into a dilute sulfuric acid solution of decinormal permanganate 
which will be decolorized by sulfur dioxide), allow the solution to cool 

* If there is any tendency to suck back, a little more sulfur dioxide should be 
introduced. 

t Rohmer found that as much as 0.15 g arsenic was volatilized completely by 
one distillation. 
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and determine the arsenic as trisulfide according to the directions on 
p. 208, or titrate the arsenic with iodine. 

To accomplish the titration, add 3 drops of phenolphthalein indicator 
solution to the solution and add solid potassium hydroxide until a per- 
manent pink color is imparted to the liquid. Then decolorize the solu- 
tion by a few drops of hydrochloric acid, add 5 g of sodium bicarbon- 
ate, and titrate with decinormal iodine solution as described in Part 11. * 

Determine the antimony by treating the contents of the distilling 
flask with 2 or 3 g of tartaric acid, washing the solution into an Erlen- 
meyer flask, expelling the sulfur dioxide as above, f and determining the 
antimony gravimetrically by precipitating as the trisulfidc according to 
the directions on p. 218, or volumetrically by titration with iodine as 
described in Part IL 

Determination of Arsenic in Commercial Sulfuric Acid 

To about 30 ml of concentrated hydrochloric acid and a little potas- 
sium bromide, or hydrogen bromide in the distilling flask A (Fig. 55), 
add 50-100 g of the acid to be tested (determine the weight by weigh- 
ing a flask before and after adding the acid) through a funnel that is 
fastened by means of rubber tubing to the upper end of the delivery 
tube which enters the flask. :j: Rinse out the funnel with concentrated 
hydrochloric acid, and begin distilling. 

When the contents of the distilling flask have bc(m concentrated so 
that only the original volume of th(i conccuitratcd sulfuric acid remains, 
keep the acid hot by means of a small flame until all tlu^ arsenic has 
been expelled. On account of the high temi^erature, 1 g of arsenic will 
be driven over in about 15 minutes. Finish the analysis as described 
above. 


(6) Precipilation of 

The precipitation of As'iSs from strong hydrochloric acid solutions 
was described on p. 209. 

Procedure. — Starting with a precipitate consisting of the trisulfides 
of arsenic and antimony, dissolvci this in caustic potash solution and 

* A blank determination should be made with all the reagents that iire used, and 
the iodine solution must he standardized in a solution as dilute as that in whidi the 
analysis is made. 

t The escaping gas will not decolorize a solution of ml dilute sulfuric a(;i(l and 
one drop of 0.01 N KMnOd, wdien all the SOo is expelled. 

X When the concentrated sulfuric a(dd runs into the flask, it oft.en ha,ppens that 
distillation begins, and some of the arsenic would be lost if the flask, A, were left 
open. 
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oxidize exactly as described under the previous method. To the solu- 
tion add acid; wash the acid solution into an Erlenmeyer flask and cool 
by surrounding the flask with ice. In another flask likewise cool some 
12 iV” hydrochloric acid. When both solutions are at 0°, dilute the 
arsenic-antimony solution with twice its volume of concentrated hydro- 
chloric acid. Into this cold solution pass a rapid stream of hydrogen 
sulfide for 90 minutes. Stopper the flask and allow to stand an hour 
or more before filtering off the AS2S5 through a Gooch crucible. Wash 
the precipitate with 4IV hydrochloric acid until 1 ml of the filtrate 
after being considerably diluted with water and tested with hydrogen 
sulfide shows no precipitation. Then wash with water and finally 
with hot alcohol. After drying at 110"^ C, weigh the precipitate as 
AS2S5. 

Dilute the filtrate from the arsenic sulfide with about four times as 
much water and saturate with hydrogen sulfide. Filter off the Sb2S5 
into a Gooch crucible, dry at 280° C in a current of carbon dioxide, and 
weigh as Sb2S3 (p. 218). 


(c) Precipitation cr 

Principle. — The separation is based upon the fact that, if magnesia mixture is 
added to a solution of an alkali arsenate and antimonate containing tartaric acid, 
only arsenic will be precipitated. 

Procedure, — Oxidize the solution obtained by dissolving the sulfides 
in aqueous caustic potash as described under (a). Make acid with 
hydrochloric acid and add 3 g of tartaric acid. Add an excess of 
ammonia; if a precipitate forms, it shows that an insufiicient amount 
of tartaric acid is present. In this case decant off the clear solution, 
dissolve the precipitate by warming with tartaric acid, and mix the two 
solutions. To the clear, ammoniacal solution, add magnesia mixture 
(cf. p. 209, footnote) slowly with constant stirring. After standing 
12 hours, filter off the precipitate of magnesium ammonium arse- 
nate (it usually contains a little basic magnesium tartrate), and wash 
a few times with 1.5 iV ammonia. Dissolve the precipitate in hydro- 
chloric acid, heat to boiling, and reprecipitate by the addition of an 
excess of ammonia. After standing for 12 hours more, filter off the 
precipitate, wash with 1.5 iV ammonia, and weigh as magnesium pyro- 
arsenate as described on p. 210. 

Remarh. — Arsenic can also be separated from tin according to the above method, 
except that more tartaric acid is necessary to prevent the precipitation of the tin 
than when antimony alone is present (cf. p. 247). 
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id) Precipitation as A 

Transfer the sulfides of antimony and arsenic to a platinum dish and 
dissolve in a little fuming nitric acid. Evaporate off most of the excess 
acid; add 2 ml of 45 per cent hydrofluoric acid and a little water. Heat 
until a clear solution is obtained, and dilute to 100 ml. Cover with a 
quartz glass, heat just to boiling, and treat with 5 g of K 2 S 2 O 8 added 
cautiously in small portions. Cool, add a little methyl orange indicator 
solution, and make neutral with ammonia. Heat to boiling and add a 
slight excess of silver nitrate solution. Cool, filter off the chocolate- 
brown Ag 3 As 04 precipitate, and wash it with water containing 5 g of 
NH4NO3 and 0.25 g AgNOa per liter. Finally wash with a little alcohol 
Test the filtrate with more silver nitrate and make sure that it is neutral 
to litmus. Determine the silver content of the precipitate either gravi- 
metrically as chloride or volurnetrically by the Volhard method. In 
either case dissolve the precipitate in a little dilute nitric acid. 

Separation of Antimony from Tin 

(a) F. W. ClarhFs Method,] Modified 

Of all the known methods for the separation of antimony from tin, this is probably 
the most accurate. It depends upon the fa(jt thn,t antimony is completely pre- 
cipitated from a solution containing oxalic acid, while stannic tin is not. Stannous 
sulfide, however, is decomposed by oxalic; a(;id, forming an insoluble crystalline 
stannous oxalate, so that the tin must be in the stiuinic form. 

Procedure. — In most cases it is a question of separating antimony 
from tin after these metals have been separated from the members of 
the copper group by means of alkali polysulfid(; ; i.e., the tin and the 
antimony are in the form of their soluble thio-salts. 

To the solution of the thio-salts in a 50()-ml beaker containing not 
more than 0.3 g of the two metals, add an aqiuious solution of 6 g of 
the purest caustic potash (one-tliird the sum of the wcughts of tartaric 
and oxalic acids to be added) and 3 g of tartaric acid (ten times the 
maximum weight of the two metals). To tiiis mixture slowly add per- 
hydrol until the yellow solution is complotcdy (l(KioIorizc‘d; then add 
1 ml in excess and boil the solution for a f(;w minut(;s to change any 
thiosulfate to sulfate and to (lecoinj)oso the greatcjr part of the excess 
peroxide. As soon as the evolution of oxygen ceases, cool the solution 
somewhat, cover the beaker with a watch glass, and cn,utiously add a 
hot solution of 15 g pure recrystallized oxalic acid (5 g for 0.1 g of 

* L. W. McKay. Am. dhem. Soc., 60 , 368 (1928). 

t Chem. News, 21 , 124. Cf. also Rossing, Z. anal. Chem., 41 , 1. F. Ilenz, Z. 
anorg. Chem., 37 , 18 (1903). Vortmann and Metel, Z. anal. Chem., 44 , 525 (1905), 
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the mixed metals). This causes the evolution of considerable gas 
(CO 2 + O 2 ). NoW; in order to remove all the excess hydrogen per- 
oxide, boil the solution vigorously for 10 minutes. The volume of the 
liquid should amount to 80-100 ml. After this, introduce a rapid 
stream of hydrogen sulfide into the boiling solution; for some time there 
will be no precipitation, but only a white turbidity formed. After 5 
or 10 minutes the solution becomes orange-colored and the antimony 
begins to precipitate; from this point take the time. At the end 
of 15 minutes dilute the solution with hot water to a volume of 250 
ml, at the end of another 15 minutes remove the flame; and 10 minutes 
later stop the current of hydrogen sulfide. Filter off the precipitated 
antimony pentasulfide through a Gooch crucible which, before weighing 
and after drying, has been heated in a stream of carbon dioxide at 300° 
for at least 1 hour. Wash the precipitate twice by decantation with 1 
per cent oxalic acid and twice with very dilute acetic acid before bring- 
ing it in the crucible. Both of these wash liquids should be boiling hot 
and saturated with hydrogen sulfide. Weigh the Sb 2 S 3 after the treat- 
ment described on p. 218. 

To determine the tin, evaporate the filtrate to a volume of about 150 
ml, nearly neutralize the excess of oxalic acid with potassium hydrox- 
ide, and deposit the tin electrolytically as described on p. 227. 

According to Vortmann and Metzl,* antimony may be separated 
from tin by passing hydrogen sulfide into a solution containing hydro- 
chloric and phosphoric acids of the proper concentration. 

(5) Method of H. Rose 

Principle. — This method is based upon the insolubility of sodium metantimonate 
and the solubility of sodium stannate in dilute alcohol. 

Procedure. — Both metals are assumed to be present in the form 
of an alloy. Treat the alloy with nitric acid as already described 
(cf. pp. 223 and 230). Filter off the residue, wash with ammonium 
nitrate water, dry and transfer as completely as possible to a large silver 
crucible. Add the ash of the filter, and gently ignite the precipitate. 
Fuse the oxides with 10-12 times as much solid sodium hydroxide and 
a little sodium nitrate, or sodium peroxide, placing the silver crucible 
within a larger porcelain one in order to protect it from the flame. 
Keep the contents of the crucible liquid for 20 minutes. Cool, place the 
crucible in a large porcelain dish, and treat its contents with hot water 
until the melt has disintegrated, leaving the insoluble part in the 
form of a fine meal. Now add one-third of the solution's volume of 


Z. anal Chem., M, 533 ( 1905 ). 



240 


GRAVIMETRIC ANALYSIS 


alcohol and stir the mixture well. Filter after standing 12 hours. 
Wash the residue remaining on the sides of the dish onto the filter with 
dilute alcohol (1 voL alcohol + 2 vols. water). Wash the sodium 
metantimonate precipitate with diluted alcohol containing a few drops 
of sodium carbonate solution as follows: First with a mixture of 1 vol. 
alcohol + 2 vols. water, then with 1 vol. alcohol + 1 vol water, and 
finally with 3 vols. alcohol + 1 vol. water. Continue washing until 
the filtrate when acidified with hydrochloric acid and tested with 
hydrogen sulfide no longer gives a yellow coloration (tin sulfide). 

If considerable tin and little antimony were originally present, a 
single fusion of the oxides with caustic soda does not afford a complete 
separation, as the residue of sodium metantimonate always contains 
some tin. Dry the precipitate, therefore, separate it from the filter, and 
place in a silver crucible. Treat the filter repeatedly in a porcelain cru- 
cible with fuming nitric acid until the paper is completely destroyed and 
then remove the excess of acid by heating in an air-l)aih. Dissolve the 
contents of the porcelain crucible in a little caustic soda solution and 
wash into the silver crucible. Remove the water by heating the silver 
crucible at first on the water-bath and finally in an air-bath ; add 10 g 
of solid caustic soda. Fuse the mixture and tixuit tlu^ nudt in the same 
way as before. 

The second residue of sodium med/antimonate is frec^ from tin. Dis- 
solve it off the filter by a mixture of ciqual volumes 2.5 jV iiydrochloric 
and 7.5 per cent tartaric acids, in which it is nuulily solubh^ From this 
solution precipitate the antimony by hydrogtvn sulfide and dcjtermine 
as described on p. 218. For tlui tin determination, gently heat the 
alcoholic filtrate to remove the alcohol, a,cidiFy slightly with hydro- 
chloric acid, and precipitjite the tin as sulfides l)y hydrogen sulfide and 
determine according to p. 226, p. 

Remark. — If the oxide residue whi<di was first fused witii sodiian hydroxide and 
nitrate consisted solely of tin and antimony oxides, this method giv(js vQ.ry good 
results. As a rule, however, most antimony and tin alloys (contain lead and other 
metals whose oxides remain to some extent with the tin and antimony on treatment 
of the alloy with nitric acid, so that the sodium metanlirnonaie is suhKe(]uently 
rendered impure by the presence of these motak The antimony detmninaiion 
therefore gives too high results. In this case tlui mot, hod of W. llarnixi*^ should be 
used. 

Dissolve the alloy in aqua regia (as clescribtHl below in the analysis 
of bearing metal) and separate the tin and antimony from the remain- 
ing metals by means of colorless sodium sulfide. From tiui solution of 
the thio-salts precipitate the tin and antimony by making barely acid 


* Chem. Ztg.j 18, 1900. 
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with dilute sulfuric acid. Wash the precipitate and dissolve in a 
little warm sodium sulfide solution. After cooling, add sodium peroxide 
in small amounts to the concentrated solution until the liquid becomes 
colorless, and when treated with more sodium peroxide a distinct evolu- 
tion of oxygen takes place. By this treatment sodium antimonate is 
formed; this separates out to some extent, but the tin remains in solu- 
tion. To precipitate the antimony from the solution completely, add 
one-third as much alcohol, filter ofi the precipitate, and treat as above 
described. 


Analysis of Bearing Metal 

This alloy contains tin, antimony, lead, a little copper, and usually 
small amounts of iron, bismuth, and zinc. 

Treat 1 g of thin borings in a small beaker with about 15 ml of 12 AT 
hydrochloric acid to which 3 ml of concentrated nitric acid has been 
added. Add the acid slowly, a few drops at a time. If the alloy is 
rich in lead it is necessary to heat on the water-bath for some time, 
replacing the acid lost by evaporation. When the metal has dissolved, 
dilute the solution (it should be yellow, or greenish yellow if much 
copper is present) with 15 times as much alcohol, added in small portions 
with constant stirring. This stirring is indispensable because lead 
chloride separates out very slowly from a supersaturated alcoholic 
solution containing other chlorides. The complete precipitation is 
best recognized by the fact that no mark is left upon the sides of the 
beaker when the stirring-rod is rubbed against it. 

After standing for 12 hours, with frequent stirring, filter ofi the 
precipitated lead chloride into a weighed Gooch crucible, wash with 
alcohol, dry at 150°, and weigh. In the filtrate will be found a few 
milligrams of lead in the presence of antimony, tin, copper, bis- 
muth, iron, and zinc.* Pour the alcoholic filtrate into a large, deep 
porcelain dishf and evaporate off the alcohol at as low a temperature 
as possible. It is necessary to avoid evaporating the solution to dry- 
ness as in that case some SnCU will be volatilized. When the alcohol 
is all gone, add 0.1 g of potassium chlorate, evaporate the solution to 
a small volume, add 1 g of tartaric acid and enough caustic potash 
to make the solution barely alkaline. Now add, dropwise, as recom- 

* Alloys low in lead are not treated with alcohol in this way. It is best to de- 
compose such alloys with chlorine gas, as described in the analysis of tetrahedrite 
(see Index), or to proceed as in the analysis of bronze, p. 230. 

t In evaporating off the alcohol there is a tendency for the solution to creep over 
the edges of the dish so that it is advisable to employ a deep dish and to evaporate 
the liquid in small portions. 
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mended by Finkener, freshly prepared hydrogen sulfide water until 
no further precipitation takes place. In this way all the Cu, Bi, Fe, Zn, 
and the last of the Pb are precipitated as sulfides (precipitate a) while 
all the Sn and Sb remain in solution (solution 6).* 

Treatment of Precipitate a 

Filter off the precipitate, wash with hydrogen sulfide water, dissolve 
in QN nitric acid and evaporate with hydrochloric acid to remove 
the nitric acid. Dilute the solution of chlorides until it is only 0.3 iV 
in acid. Precipitate the Cu, Pb, and Bi as sulfides l)y hydrogen sulfide, 
filter, and wash with water containing HoS. The filtrate contains the 
iron and zinc (filtrate c). 

Dissolve this last precipitate in nitric acid, evaporate with the addi- 
tion of 4 or 5 drops of concentrated sulfuric acid, and d(t ermine the 
last of the lead as sulfate according to p. 186. From this filtrate pre- 
cipitate bismuth with an excess of ammonia and dc^termino as BbOs 
according to p. 191. 

In the ammoniacal filtrate from tlui bismuth precipitation, determine 
the copper electrolytically, after acidifying with sulfuric aeid, according 
to p. 195, or as cuprous sulfide, according to p. 193. 

To determine the iron and zinc, oxidizes the filtrate o by l)oiling with 
a little concentrated HNO;i, precipit<ate tlu^ iron by a,n excess of am- 
monia, and weigh as FeoO.-j, p. 99. D(^t(U'mine tlui zinc in this last 
filtrate by acidifying with acjctic n,ci(l, pn^cipitating as sulfide and weigh- 
ing as such, according to p. 150. 

Treatment of Mntion b 

To determine the antimony and tin, (lilut(j the alkaiinti solution to 
exactly 250 ml in a measuring-flask, an<l afUa- (horoughly mixing, 
withdraw 100 ml in a pipet, transfer* to a. 4()()-ml Ix^aJuu’, acidify with 
acetic acid, and boil to exped th(‘ hydrogcai sulfide. Tlien add 3 g of 
tartaric acid and 6 g of purest pota-ssium hydroxidci, whcu'oby axiy 
precipitated sulfide is redissolvcd. At this point a.dd pcnhydrol as 
described on p. 238, and separate the antimony and tin. 

Alternate Method for the Analysis of Bearing Metal 

The above method is that given in the German edition of UiIh book. It will / 2 :ive 
good results. In the United States it is eomrnon prac.tit^c to (^arry out the analysis 
somewhat difierently. The following i)ro(*cdure is simit'ir to that recomincnded ])y 

* The separation is complete only when all the tin is in the (juadrivalent fionditioii. 
In driving off the alcohol there is always some stannous (diloride formed which 
must be subsequently oxidized by means of KCIO^ and 1 1 CL 
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the Bureau of Standards at Washington, D. C. The Bureau furnishes for practice 
analysis two samples of bearing metal each of which has been analyzed by at least 
ten independent laboratories. One sample contains about 79 per cent lead, 11 per 
cent tin, 10 per cent antimony, and less than 0.2 per cent of bismuth, copper, and 
iron. The other contains 88 per cent tin, 7.3 per cent antimony, 3.8 per cent copper, 
0.56 per cent lead, and small quantities of iron, bismuth, and arsenic. 

Determination of Lead, Bismuth, Copper, and Iron. — Weigh out 2-g 
portions of finely cut alloy into 300-ml Erlenmeyer flasks. Treat with 
a mixture of 20 ml 12 N hydrochloric acid and 4 ml concentrated 
HNOs, adding the acid gradually in small portions. If the alloy is 
rich in lead, heat on the water-bath and replace the acid lost by evapora- 
tion. When all the metal has been acted upon, heat until oxides of 
nitrogen are expelled, add 10 ml of 20 per cent tartaric acid solution, 
and dilute to about 300 ml. Heat to dissolve lead chloride, make alka- 
line with sodium or potassium hydroxide, and add about 2 g of hydroxide 
in excess. Introduce a rapid stream of hydrogen sulfide for 15 minutes. 
In this way all the lead, bismuth, copper, and iron are precipitated as 
sulfides while the tin, antimony, and arsenic remain in solution as thio- 
salts. Digest on the hot plate or steam-bath for at least an hour. 
Filter and wash the residue with a 2 per cent solution of alkali sulfide. 
Discard the filtrate. 

Transfer the sulfide precipitate back to the original flask. To remove 
the last traces of sulfide from the paper, place the flask under the funnel 
containing the paper, and pour 10 ml of concentrated nitric acid along 
the upper edge of the paper. After the acid has stopped running, wash 
with a little hot water. Heat the contents of the flask until practically 
all the sulfide is dissolved. Then replace the flask under the filter 
again and pour 10 ml of bromine water along the upper edge of the filter. 
Wash the filter again with hot water and make sure that no residual 
sulfide remains under the fold. Use more nitric acid and bromine if 
necessary. To the nitric acid solution of the sulfides, add 15 ml of 
18 AT sulfuric acid and evaporate to strong fumes. Make sure that 
all the nitric acid is expelled. Cool, dilute with 100 ml of cold water 
and heat to boiling. Cool, filter into a weighed Gooch crucible that 
has been heated to about 400°, and wash four times with cold 8 per cent 
sulfuric acid and finally with a little cold water. Dry at 105° and then 
heat to. about 400° by placing the crucible inside a slightly larger one 
without a solid bottom, and heating over a Tirrill burner. Weigh as 
PbS04. 

Dilute the filtrate to about 500 ml and partially neutralize by adding 
10 ml of concentrated ammonium hydroxide. Heat nearly to boiling. 
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saturate the hot solution with hydrogen sulfide, filter off any pre- 
cipitate that may form, and wash with hydrogen s ulfid e water. 

Dissolve the precipitated sulfides of copper and bismuth in 10 ml of 
hot, 3N nitric acid and filter off residual sulfur if necessary. Precipi- 
tate the bismuth as hydroxide by adding ammonium hydroxide and 
determine as phosphate according to p. 190. Determine the copper 
by electrolysis as described on p. 195. 

Determination of Arsenic. — Digest 5 g of the fine borings with 25 ml 
of concentrated sulfuric acid until the metal has been completely at- 
tacked. Cool and dilute carefully with 50 ml of water. Cool to room 
temperature and transfer with the aid of 150 ml of concentrated hydro- 
chloric acid to a distilling flask. Add 10 g of cuprous chloride, or 
ferrous sulfate, and distil off about 100 ml of the mixture. Use an 
upright condenser, and in the outlet tube make a small hole on the side 
just below the stopper so that the exit of the gas will not be impeded 
by drops of liquid collecting at the bottom of the conchmscr tube. 
Catch the distillate in 150 cc of ice-water, the end of the tubing from 
the condenser dipping below the surface of the water. When 75 ml of 
distillate have been collected, remove; the flame, add 15 ml of hypo- 
phosphorous acid and 20 ml of concentrated hydrocdiloric acid to the 
remaining contents of the distilling flask, and distil off 15 ml more. 
This causes the distillation of all the ars(;nic as AsCla. 

After the distillation is comi)le(,(;(I, partially neutralize the acid in the 
distillate by adding 15 ml of concentrat(;d ammonium hydroxide and 
introduce a rapid stream of hydrogen sulfide. Filtcn- off the; arsenic 
trisulfide piecipitate; and wash with hot wat(;r till all chloride is nmioved. 
Dissolve the arsenic trisulfide in 2 -3 ml of conc(;ntrat(;(l ammonium 
hydroxide, washing the filter with small portions of hot watesr directed 
toward the upper edge of the filt(;r, using as li(,tle water as possible to 
effect thorough wiishing. Mvaporatc; the solution n(;arly to dryness, 
add 10 ml of concentrated nitric acid, and again evai)orat(! nearly to 
dryness. This causes oxidation of the ars(;nic to ars(;nate or arsenic 
acid. Take up in 100 ml of water, add 10 ml of 0.2^ silver nitrate 
solution, and carefully add NH4OH to barely alkaline r(;aotion. Then 
add 6Af HNOs dropwise until any precipitate of silver arsenate just 
dissolves or the solution is barely acid to litmus. It is irnporliant that 
the solution should be practically neutral. Then, on adding 10 ml of 
saturated ammonium or sodium acetate solution, all the arscmic will 
be precipitated as silver arsenate, Ag^AsO^. Heat to boiling, filter, and 
continue as described for the determination of arsenic in ores by the 
Low-Pearce-Bennett method. 
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Determination of Antimony, — Digest accurately weighed 0.4-g samples 
of alloy in 250-ml flasks with 12 ml of concentrated H 2 SO 4 and about 
5 g of KHSO4. Heat over a free flame while constantly rotating the 
contents of the flask until the metal has all dissolved. 

It is desired to get the antimony into solution as Sb2 (804)3 and the tin as Sn (804)2- 
2 Sb + 6 H2SO4 = Sb2(S04)3 + 3 SO2 + 6 H2O 
Sn + 4 H2SO4 = Sn(S04)2 + 2 SO2 + 4 H2O 

If the alloy is heated too gently, sometimes a part of the tin is left in the stannous 
condition, and this is fatal to the analysis. The acid should be heated nearly to 
the boiling point to accomplish the second stage in the oxidation of the tin. 

When the sample is completely decomposed and the sulfuric acid 
has fumed strongly for several minutes, allow to cool and then add 
very cautiously 5 ml of water. Follow this with 20 ml of 12 N hydro- 
chloric acid and boil gently for 3 minutes. Cool, add 100 ml of cold 
water, and titrate at a temperature below 15° with 0.1 AT permanganate. 
The end point should remain for 20 seconds if the above directions 
were followed. Save the solution for the tin determination. 

According to Lundell,* the solution should contain 10 to 25 per cent of concentrated 
HCl by volume, and approximately 10 per cent by volume of concentrated H2SO4 
is desirable. The above directions provide for 10 per cent of HCl and somewhat 
less than 6 per cent of H2SO4 by volume. The procedures recommended by the 
Bureau of Standards and by Lundell, Hoffman, and Bright call for less than 5 per 
cent H2SO4. The titration of antimony with permanganate gives very accurate 
results when the conditions are right, and this method of determining antimony is 
used more than any other in commercial testing. If the conditions are not right, 
the end point may be very hard to find. For many years chemists avoided as much 
as possible all titrations with permanganate in the presence of hydrochloric acid be- 
cause hydrochloric acid is easily oxidized to chlorine or hypochlorous acid, a reaction 
which is catalyzed by the presence of other substances such as ferrous salt. By 
keeping the solution cold, by making sure that all tin, iron, etc., is oxidized by 
sufficiently long treatment with hot sulfuric acid, and by adding appropriate quan- 
tities of hydrochloric and sulfuric acids, this oxidation of HCl is prevented. The 
titration reaction can be expressed as follows: 

5 Sb+++ + 2 Mn04“ + 16 H+ = 5 Sb+++++ + 2 Mn++ + 8 H2O 
and the milli-equivalent of antimony is 0.06088 g. 

Determination of Tin. — Transfer the titrated solution from the anti- 
mony determination to a 500-ml Erlenmeyer flask; add 65 ml more of 
concentrated hydrochloric acid and about 2 g. of test lead powder. 
Stopper the flask with a rubber stopper carrying a long glass tube which 
extends from the bottom of the stopper upward for about an inch and 
then bends downward through a wide arc to a point on the outside 


Applied Inorganic Analysis, p. 228. 



246 


GRAVIMETRIC ANALYSIS 


nearly level with the bottom of the flask when the stopper is inserted. 
Heat the contents of the flask to boiling and boil gently for 30 minutes. 
Then remove the flame and, without removing the stopper from the flask, 
insert the outer end of the tubing it carries into a beaker containing 
200 ml of saturated NaHCOs solution (about 22 g of NaHCOg). While 
keeping the tubing in this NaHCOs solution, cool the contents of the 
flask by cold, running water. Cool slowly at first. At the end of the 
reduction with lead, 

■ + Pb = Sn++ + Pb++ 

the flask is filled with steam; but as the contents cool and the steam 
condenses, the NallCOa solution is sucked into the flask and CO 2 
is formed which exerts a prcissurc and will forces back the liquid in the 
tubing and perhaps bubble through the NaHCO;; solution. In this 
way the flask becomes filled with CO 2 rather than air, of which the 
oxygen would oxidize some of the stannous ions back to the stannic 
state. Finally cool to about 10° (using ice- water or dry ice if necessary), 
add 5 ml of starch indicator solution, and titrate fairly rapidly with 0.1 iV 
iodine solution. 


Instead of usinjj; the above devi(;c for filling the fin.sk with CO 2 , a stream of COj 
gas can be kept j){issing through the solution during the reduc^tion with PI) and 
particularly during the (iooling of the solution. Some cluimists add a lump or two 
of calcite (CaCOn) to tlie reduced solution whicdi slowly dissolves in the a(ud with 
liberation of CO 2 . If some dry ic^c is a.vailable, a. little of it- platted in anoi.her llask 
will furnish a convenient source of COu. On placing this flask in warm water, an 
abundant stream of COa is evolved which can be 1 (m 1 into the flask containing the 
solution of the alloy by means of tubing ext, (aiding nea,r]y t,o t,he bottom of the flask 
containing the solution that is ])eing analyzed. The above sc-hemo of sudiing 
NaHCO;j back into the solution works nearly as well. It has been rettommeuded to 
add the iodine solution tlirough iatbing that runs tthrougli tlie stopjier so tliat there 
is absolutely no chamie for air to enter the flask during the t/itration. The titration 
of SnClo with iodine is very ac.cairatc, but if. is nccesKa,ry to have all t.he tin in the 
stannous condition and to iirevent any back oxidation by air, or the results of the 
analysis will be low. Various other rediKung agents sindi as a coil of nickel wire, 
metallic iron, powdered antimony, et<^, ha.ve Ix^en rociornmended instead of the 
test lead, but in every (jasc the chief source of trouble is oxidation by the air. 

Separation of Arsenic from Tin and Antimony 

(a) Method of Fred. Nahef^ 

Dissolve the moist sulfides in freshly prcq)a,r(x] ammonium sulfide, 
evaporate nearly to dryness in an Erl(uim(\y(u.* flask, and oxidize with 
hydrochloric acid and potassium chlorate. From this solution precipi- 


Z. anal chem. (1893), 32, 45. 
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tate the arsenic as sulfide under the conditions described on p. 208. 
In the filtrate from the arsenic pentasulfide all the tin is found and can 
be precipitated as sulfide after diluting largely with water and passing 
in hydrogen sulfide. Ignite and change to the oxide as described on 
p. 226, /3. 

(h) Method of W. Hampe^ 

Dissolve the precipitated sulfides, as soon as possible after filtering 
and washing, in freshly prepared ammonium sulfide, evaporate the 
solution nearly to dryness, and oxidize with hydrochloric acid and potas- 
sium chlorate in a flask connected with a return-flow condenser. f 
Add tartaric acid and ammonia, and precipitate the arsenic with mag- 
nesia mixture as magnesium ammonium arsenate, according to p. 209. 
After standing 12 hours. Alter off the precipitate, wash with 1.5 N 
ammonia, and, in order to remove a little magnesia, dissolve the pre- 
cipitate in hydrochloric acid and reprecipitate by the addition of ammo- 
nia. After standing another 12 hours, filter off the precipitate and 
again wash with 1.5 A" ammonia. 

This precipitate can be converted into magnesium pyroarsenate and 
weighed in this form as described on p. 210. The transformation is 
somewhat tiresome, however, so that Hampe prefers to dissolve the 
precipitate in hydrochloric acid once more, to precipitate the arsenic 
by means of hydrogen sulfide, and then to determine the magnesium in 
the evaporated filtrate as magnesium pyrophosphate according to p. 80 
or p. 81. 

(c) Method of Plato- Hartmann t 

In this interesting method the chlorides of arsenic, antimony, and tin, in the lower 
states of oxidation, are heated with a mixture of phosphoric and hydrochloric acids. 
Arsenous and antimonous chlorides distil by raising the temperature to 165°, but 
stannous chloride forms a complex with phosphoric acid and remains behind. Ac- 
cording to Plato, tartaric acid is added to the first distillate and by a second distilla- 
tion the arsenous chloride is removed. Hartmann prefers to precipitate the arsenic 
as trisulfide from a solution quite strongly acid and antimony as trisulfide in the 
partially neutralized filtrate. After the trichlorides of arsenic and antimony have 
been distilled from the solution containing hydrochloric and phosphoric acids, the 
tin is volatilized as stannic chloride by the addition of hydrobromic acid. The 
latter reacts with the hot, concentrated sulfuric acid and is to some extent oxidized 
into bromine which in turn oxidizes the tin to volatile stannic chloride. 

For the distillations, the apparatus shown in Fig. 57 is suitable. On the extreme 

* Chem. Zig. (1894), 18, p. 1900. 

t So that no arsenic trichloride will be lost by volatilization. 

t Plato, Z. anorg. Chem., 68, 26 (1911); Z. anal. Chem., 60, 641 (1911); Hartmann, 
Z, anal. Chem., 68, 148 (1919). 
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right of the drawing is shown a Kipp generator for producing carbon dioxide con- 
nected through the wash-bottle and the long glass tube to B into which acid can be 
made to drop from the funnel T. The lower part of B leads almost to the bottom 
of the flask A. The stopper of the flask is also fitted with a thermometer and a 
gas exit tube A leading to the condenser P, which in turn is connected with the 
receiver P, in which the subsequent precipitation can also take place. The un- 
condensed vapors pass through the tube A', containing glass beads wetted with 
water, into the tubing P, which is connected with the tower r; containing pieces of 

marble. In this way the acid vapors 
are neutralized so as not to be ob- 
noxious. 

It is advisable to wind cord around 
D to prevent the vapors being cooled 
too miudi by the air; for the same 
reason the neck of the flask A. should 
be (covered with asbestos i)aper. 

Procedure. — If tlui sample is an 
alloy, wfiigh out 1 g of the fine 
borings into tin; tluKk A, Fig. 57, 
add 6 rnl of conccurtrakKl sulfuric 
acid, and hcuit until decomposition 
is complete. Of a,rsenic, antimony, 
and tin sulfides, place; tlu; precipi- 
tate and filter in tlm flask and add 
<!nough sulfuric acid so that the 
mass is riot; dry after the 

carbonization of tlu^ filter; con- 
tiniu^ luuiXing until the sulfuric 
acid solution is colorh^s^ or a light 
straw color, and vohtiilizc^ any sul- 



Fig. 57. 


fur in th(* node of the ‘flask by 
heating carefully with a flame. Evaporate; off the; (;.\(;(;hs sulfuric acid, 
leaving about 6 ml in the flask. If the carbon of tlu; filt<;r is not oxi- 
dized sufficiently, there will be too much foaming during the subse- 
quent distillation. 

Cool, add 7 ml of aqueous pho,sphoric acid, d. 1.70, again cool, add 
10 ml of concentrated hydrochloric acid, and connect IJu; apparal.us with 
a little water in the receiver. Introduce a slow str(;am of carbon dioxide, 
begin heating the flask, and cause coneentrat(;d hydrochloric acid to drop 
into the flask so that the volume of liquid in the flask does not cluinge 
much during the distillation. Keep the t,emp(;ra,tur(; at 155 -165°. 
The arsenic trichloride distils readily, but it may take 2 or hours to 
distil all the antimony trichloride. To test for antimony, disconnect the 
receiver and collect about 20 drops of fresh distillate. To this add a little 
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hydrogen sulfide water and ammonia water to neutralize some of the 
acid; if no orange precipitate forms, antimony is absent. 

When all the antimony has been volatilized as chloride, stop dis- 
tilling and disconnect the receiver. Using a fresh receiver, continue 
the distillation using a mixture of one-fourth pure hydrobromic acid, 
d. 1.40, and three-fourths concentrated hydrochloric acid in the drop- 
ping-funnel. If bismuth is present, keep the temperature below 145°. 
Distil until no test for tin is obtained with 1 ml of distillate. A little 
sulfur dioxide is always present in the distillate, being formed by the 
interaction of hydrobromic and sulfuric acids. There is, therefore, 
always some sulfur precipitated when the H 2 S water is added, but this 
milky turbidity can be distinguished from a precipitate of yellow stannic 
sulfide that forms more quickly. The distillation should not be stopped 
until there is no sign of yellow precipitate in the test. 

To determine arsenic in the first distillate, introduce hydrogen' sul- 
fide and treat the precipitate of arsenic trisulfide as described on p. 208. 

To determine antimony in the filtrate which contains hydrogen 
sulfide, neutralize with ammonium hydroxide until a permanent pre- 
cipitate of orange antimony sulfide forms. Add a little more ammonium 
hydroxide, dilute with an equal volume of hot water, and saturate with 
hydrogen sulfide gas. Treat the antimony trisulfide precipitate as 
directed on p. 218. 

To determine tin, take the second distillate, dilute with a little water 
and add ammonium hydroxide until the stannic hydroxide precipitate 
does not redissolve well on stirring. Saturate with hydrogen sulfide, 
allow to stand over night, and treat the precipitate as directed on p. 
224. Added filter-paper pulp aids in filtering the stannic sulfide. 

Separation of Antimony from Arsenic and Tin 

(a) Method of Rose 

Heat the sulfides of arsenic, antimony, and tin with fuming nitric 
acid in a large covered beaker until the sulfur is completely oxidized, 
and remove the excess of acid by evaporation on the water-bath. Treat 
the slightly moist residue with concentrated sodium hydroxide solu- 
tion and transfer the contents of the dish to a silver crucible. Add a 
little solid sodium hydroxide, and dry the contents of the crucible in 
an air-bath. Place the silver crucible in a larger porcelain one, heat 
over a M6ker or Teclu burner, and keep the contents of the smaller 
crucible liquid for about 20 minutes. Cool, extract the melt with 
water, add one-third as much alcohol to precipitate sodium metanti- 
monate completely, and after standing 12 hours filter off the pre- 
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cipitate and subject it to the treatment described on p. 240. Make 
the filtrate containing all the arsenic and tin acid with hydrochloric 
acid, whereby stannic arsenate is precipitated. Without filtering, 
conduct hydrogen sulfide into the liquid, filter off the precipitated sul- 
fides of tin and arsenic, oxidize with hydrochloric acid and potassium 
chlorate, and separate the arsenic from the tin as described on p, 234. 

(h) Method of Hampe 

Oxidize the moist sulfides as described on p. 242, h, and determine the 
arsenic in the same way. 

In the combined filtrates from the magnesium ammonium arsenate 
precipitate the antimony and tin by hydrogen sulfidci, after making 
the solution acid. Separate these according to one of the methods 
already described; cf. p. 238. 

SUPPLEMENT TO THE HYDROGEN SULEIDh] GROUP 

GOLD, PLATINUM, 8ELENTIJM, TJGJdJRrUM, VANADIUM, 
MOLYBDENUM, TUNC tSTlON 

GOLD,Au. At Wt 197.2 

Gold is always determined as the metal itself. There are three cases 
to distinguish : 

1. The gold is present in solution. 

2. The gold is alloyed with coppe^r and silver. 

3. The gold is present in an ore. 

1. Gold is Present in Solution 

Usually gold is deposited as metallic gold from its solutions and 
weighed after filtering and washing. 

For the deposition of gold the following reducing agcints can be used: 
ferrous sulfate, oxalic acid, fornialdeliydci, and hydrogen peroxide. 
If the gold is to be precipitated by means of eitlua- ferrom mdfate or 
oxalic acid, no free nitric acid can be presemt. in thci solution. If some 
is present, it must ])e removed by rcipeated eva,poration witli concen- 
trated hydrochloric acid and the solution then dilut.cid with water. 
To this dilute solution add a large excess of ckiar feu-rous sulfate solu- 
tion, cover the beaker, and heat its contents for several hours on the 
water-bath. Then filter off the precipita.t(j, wash first with water con- 
taining hydrochloric acid until the iron is cornpkd.ely rcanovecl, and then 
with pure water. Dry the precipitate, transfer as completely as possible 
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to a porcelain crucible, add the ash of the filter, ignite, and weigh the 
gold. In this way gold can be separated from most metals, even plati- 
num, but not from silver. If silver is present, as of course it never is 
in a dilute hydrochloric acid solution, remove it by the addition of 
hydrochloric acid, filter off the precipitated silver chloride, and treat 
the filtrate as above described. 

To precipitate gold by means of oxalic acid, dilute the slightly acid 
solution with water, add an excess of oxalic acid, or ammonium oxalate 
with a little sulfuric acid, and allow the covered beaker to stand 48 
hours in a warm place. 

Filter off the yellow scales of deposited gold, and wash, as above de- 
scribed, with hydrochloric acid and then with water. Ignite and 
weigh. 

Precipitation of Gold by Means of Hydrogen Peroxide 
(L. Vanino and L. Seeman)* 

If a gold solution is treated with caustic alkali solution and then with 
formaldehyde, or, better still, hydrogen peroxide, the gold is soon pre- 
cipitated quantitatively, even in the cold. By boiling, the finely divided 
gold collects together and assumes a reddish brown color. The reaction 
takes place according to the following equation: 

2 AuCla + 3 H 2 O 2 + 6 KOH = 6 KCl + 6 H 2 O -|- 3 O 2 + 2 Au 

If the gold is deposited by this method from very dilute solutions 
it is obtained in such a finely divided condition that it passes through 
the filter. If, however, the solution is boiled until the excess of hydro- 
gen peroxide is completely destroyed and it is then acidified with hydro- 
chloric acid, the gold can be readily filtered. Gold can be separated 
from platinum >y this method. 

2. The Gold is Alloyed with Silver and Some Copper 

Gold present in alloys is most rapidly and most accurately determined 
in the dry way. The principle of the method is very simple. Too 
much copper should not be present as high-copper alloys cannot be 
cupelled. 

If a gold-silver alloy is melted in the air with lead upon a “ cupeP^ 
(a very porous vessel made of bone-ash or magnesia) the lead and cop- 
per are oxidized, the oxides fuse and are absorbed by the cupel, while 
all the gold and silver are left behind in the form of a metallic button, 
which is weighed. The silver is afterwards separated from the gold 


Ber., 32, p. 1968 (1899). 
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by the action of nitric acid which dissolves the silver but leaves the gold 
behind. If the weight of the gold that is left undissolved is deducted 
from the weight of the gold-silver button the weight of the silver is 
obtained. 

To obtain accurate results a number of precautions must be taken. 
By the cupellation of the alloy some noble metal is always lost and the 
amount lost increases in proportion to the amount of lead used and the 
higher the temperature. Furthermore, small amounts of the noble 
metal are absorbed by the cupel, and this loss is greater the smaller the 
quantity of lead used. This second loss amounts to much less than the 
former one occasioned by the use of too much lead. Consequently^ in 
every gold cupellation an unnecessary excess of lead must he avoided. 

Experience has shown that the richer a gold-silver alloy is in base 
metal the more lead is necessary for the cupellation. Furthermore, 
in the separation or parting of gold from silver by means of nitric acid, 
it is necessary to remember that the separation is quantitative only 
if the alloy consists of three or more parts of silver to one part of gold. 
If less than three parts of silver are originally present for one part of 
gold, it is necessary to add pure silver until this proportion is reached. 
This operation is known as quartation or inquartation. If a gold- 
silver alloy, in the form of foil, consisting of three parts of silver to one 
of gold, is treated with nitric acid, the gold remains behind as a brownish 
scale; if more silver is present, it is loft as a fine powder, unless the acid 
is extremely dilute. 

From what has been said, it is clear that accurate results can be ob- 
tained only when the correct amount of lead is present in the alloy that 
is cupelled, and when the gold and silver arc present in the proper propor- 
tion; i.e.f it is necessary to know the approximate composition of the 
alloy before an accurate determination can be made. This is determined 
by 

The Preliminary Assay 

For this purpose heat a muffle, Fig. 58, to a cherry-red heat, place a 
cupel weighing from 6 to 7 g* in the back part of it, close the muffle door, 
and heat the cupel until it has acquired the same color as the muffle. 
Then place 5 g of lead upon the cupel, close the muffle until the lead is 
melted, and then, with the aid of tongs, drop into the molten lead 0.25 g 
of the accurately weighed alloy enveloped in a small piece of lead foil. 

* A good cupel will absorb its own weight of litharge. During the cupellation 
about one-tenth of the litharge formed is lost by volatili?;ation, so that the weight 
of litharge absorbed by the cupel is practically that of the original lead button. 
Figure 59 represents a cupel, together with its cross-section. 
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Close the mufSe until the alloy has melted and shows a bright upper 
surface. With the help of an iron hook, carefully shove the cupel to 
about the middle of the muffle and leave the door open so that there is a 

ready access of air into 
the muffle. 

After about 20 min- 
utes all the lead will be 
absorbed, this condition 
being indicated by the 





^^blick.^^ The blick is 
the brightening of the 
metal which appears 
when the outer layer of 
lead oxide that is con- 
stantly becoming thinner 



Fig. 58. 


Fig. 59. 


finally bursts and the bright noble metal shines through. Just before 
the blick there is a distinct iridescence, so that the point can never be 
mistaken. At once remove from the muffle and, after cooling, observe 
the color of the button. 

(a) If the button, is greenish yellow or darker, it contains less than 
three parts of silver to one part of gold, in which case add from 4 to 6 
parts of fine silver (the proper amount can be usually told by the 
practiced eye) and heat again in a new cupel with 1 g of lead. Treat 
the button now obtained with nitric acid and weigh the residual gold. 

(5) If the button is pure white, then three or more parts of silver are 
present to one part of gold. In this case it is immediately parted 
and the residual gold weighed. 

After the approximate amount of gold present has been ascertained,* 
the analysis proper is made, using the amount of lead as indicated in 
the following table: 

* In assay laboratories the approximate gold contents of the alloy is determined 
by its streak. A fine-grained piece of silicate is blackened with charcoal. The 
alloy to be tested is rubbed upon it and the color produced compared with that ob- 
tained from alloys containing known amounts of gold. Afterwards these streaks 
are tested with dilute aqua regia; alloys containing the same amounts of gold are 
attacked equally readily. 
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LEAD TABLE 

Approximate Percentage 
of Gold in the AUoy 

100 per cent 

90 '' 

80 “ 

70 '' 

60 “ 

50 “ 

40 or less 


Amount of Lead Necessary for the 
Cupellation of 0.25 g of Alloy 

0.25 g 

2.50' 

4.00' 

5.50' 

6 . 00 ' 

6.50' 

8.50' 


The Final Assay 

For the definite determination of the gold and silver, take two por- 
tions weighing exactly 0.25 g, the one to serve for the silver deter- 
mination and the other for the gold. Cupel the former with the cor- 
rect amount of lead and determine the weight of the gold-silver button. 

If the original alloy was very white, it contains more than 50 per 
cent (500 thousandths fine) of silver. 

If the alloy was greenish yellow, it probably contains 55-75 per cent 
of noble metal, and silver is present to a considerable extent. If, 
however, the alloy was a beautiful yellow or reddish yellow, it contains 
more than 70 per cent of gold. 

For a white alloy, therefore, weigh out a quantity of pure silver 
equal to the weight of gold as indicated by tlie preliminary assay (in- 
quartated with one part of silver), and cupel this mixture with the same 
amount of lead as the first portion. 

In the case of a greenish yellow alloy, inquartato* with two parts 
of silver; and for a distinctly yellow or reddish yellow alloy, inquartate 
with 2| parts of silver. 

Treatment of the Quartered Gold-Silver Button 

Remove the gold-silver button from the cup(d with ih(^ button 
tongs,'’ clean with a stiff brush (“ button brush ”), and hamrncir upon 
an anvil to a round disk about 1 mm thick (Fig. 60, a). Heat this 
upon a fresh cupel and quickly cool by placing it upon a piece of brass 
foil and rolling it between two steel rollers to a long strip (Fig. 60, 6); 
again heat and rollf up as shown in Fig. 60, c. Place this little roll in 
a small flask (Fig. 61, I), cover with 30-40 ml of nitric acid {d. 1.188) 

* Cf. p. 252. 

t By hammering the gold-silver alloy, the metal becomes so l)rittlc that it can- 
not be converted to a smooth-margined roll, and on the subsecjucrit treatment, with 
nitric acid, little pieces would probably drop off. By again heating the metal and 
then quickly cooling, it regains its original softness. 
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free from chloride, heat to boiling and keep boiling gently for 10 min- 
utes. Pour off the acid, replace by the same quantity of stronger acid 
{d. 1.295), and repeat the above treatment. After this pour off acid 
and wash the button, deca||^^ three times with distilled water. FUl 
the flask with water, cover^ an annealing cup (or, lacking this, an 
ordinary porcelain crucible xmj be used), and quickly invert (Fig. 61, 
II); the gold will pass into the cup. Remove the flask by first raising 





Fig. 61 . 


its mouth to the level of the water in the crucible and then slide it 
off at right angles and skilfully turn the flask right side up. Pour off 
the water from the gold and place the crucible in the back part of the 
muffle for a short time, whereby the gold is dried and is changed from 
its former brown and soft condition into a harder, beautiful yellow 
substance. Cool and weigh. By subtracting the weight of the gold 
from the weight of the gold and silver together, the amount of silver is 
determined. 


Determination of Gold in Ores 

Principle. — The very finely ground and sifted ore is mixed in a No. 9 French 
crucible with lead oxide, charcoal, and some suitable slag-forming material. The 
charcoal reduces a part of the lead oxide to metal which alloys with the noble metal 
and sinks to the bottom in the form of a button, while the foreign substances pass 
into the slag. After cooling, break the crucible, hammer off the slag, cupel the lead 
button, and part the silver-gold button in the usual way. The noble metal should 
be extracted with as little lead as possible, for with an unnecessarily large amount 
of lead some gold is lost during the cupellation. 

The amount of lead reduced from the litharge depends largely upon the nature 
of the ore. Sulfide ores act strongly reducing, as is shown by the following equations: 

; + 2 PbO = SO 2 + 3 Pb 
FeSa + 5 PbO = 2 SO 2 + FeO + 5 Pb 
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In such cases less charcoal (or in some cases none at all) should be added than 
would be otherwise necessary to produce the right amount of lead. Sometimes 
when considerable sulfide is present, it is necessary to neutralize its action by the 
addition of oxidizing agents. - 

Reducing ores are recognized by their bluish black, or 

yellow (pyrite, etc.). Reddish brown ores (l ^^^K fluallv act oxidizing: 

FeaOa + C = cd^IfeO 

in which case more charcoal must be added to the charge. 

The best results are obtained if the lead button weighs about 18 g when obtained 
from 30 g of ore.* In order that such a button may be obtained, it is usually neces- 
sary to make a preliminary assay of the ore. But above all, it is necessary that the 
purity of the reagents used should be tested. 


Testing the Reagents 

The ordinary reagents necessary for a gold assay are: 

1. Litharge (PbO) 

Litharge, the most important reagent, is a basic flux, for it forms with 
the silicic acid of the ore a readily fusible silicate. At the same time, it 
is a desulfurizing agent, as is shown by the above reaction. 

The litharge used must be dry and free from minium, for the latter 
oxidizes silver, carrying it into the slag, so that low results would be 
obtained in the silver determination. The litharge should be free 
from silver (which is almost never the dase), or its silver contents must 
be known; this is determined once for all by the following experiment: 
Mix 120 g of litharge, 60 g of sodium bicarbonate, and 2 g of argols 
(crude KHC4H4O0) upon a sheet of glazed paper; place the mixture 
in a No. 9 French crucible and cover with a layer of finely powdered, 
dry common salt. Place the covered crucible in a hot cokc^-oven. 

As soon as the contents of the crucible have reached the state of 
quiet fusion, remove the crucible from thc^ fire, gently tap its walls with 
the tongs, and tap lightly upon its bottom to knock down any small 
particles of lead adhering to the sides and to make all the free metal 
collect together on the bottom in the form of a button. 

After cooling break the crucible, remove the slag from the lead button 
by hammering it upon an anvil, and subject it to cupellation, using a 
cupel weighing only a few grams more than the button itself. Weigh 
the resulting silver button, and deduct this weight of silver whenever the 
corresponding amount of litharge is used in an assay. 

* This amount is usually sufiiciient; with very rich gold ores 10~15 g is enough, 
whereas with very poor ores as much as 120 g may be used to advantage. 
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2. Sodium Bicarbonate (NaHCOs) 

3. Anhydrous Borax (Na 2 B 407 ) 

2 and 3 require no testing. 

IL' Charcoal 

The reducing power is determined as follows: Mix 60 g of litharge, 
15 g of sodium bicarbonate, and 1 g of charcoal, as in the testing of 
litharge, in a French crucible No. 9, cover with common salt, and fuse. 
After cooling, determine the weight of the lead button; this expresses 
in terms of lead the reducing power of the charcoal. 

One gram of charcoal should reduce about 30 g lead. 

5. Niter (KNO3) 

serves as an oxidizing agent. Its oxidizing power expressed in terms 
of lead is determined: Mix 3 g of niter (potassium nitrate), 60 g of 
litharge, 1 g of charcoal, and 15 g of sodium bicarbonate, fuse as before, 
and determine the weight of the lead button. If under (4) it was found 
that 1 g of charcoal would reduce P grams of lead, and if p grams of lead 
were obtained in this experiment, then the difference P — p shows the 
amount of lead that was oxidized by 3 g of niter, or the oxidizing power 
of the niter. 

One gram niter oxidizes about 4 g lead. 

6. Common Salt 

Heat table salt in a large Hessian crucible until it melts, and pour 
the contents of the crucible into a shallow iron mold with a raised 
edge. Powder and preserve in a stoppered flask. 

After the reagents have all been tested the next step is the 

Preliminary Assay 

Weigh out 5 g of the finely powdered and sifted ore and mix with 
80 g of litharge, 20 g of sodium bicarbonate, and 5 g of borax. Place the 
mixture in a crucible and cover with a layer of common salt. After 
fusing, cooling, and hammering off the slag, as already described, 
weigh the lead button. 

Since in an ordinary assay about 30 g of ore are taken, the weight 
of the lead button now obtained multiplied by 6 will give the weight 
of the button from the real assay. Four cases will be considered. 

(1) The lead button weighs 3 g 

A button obtained from 30 g of ore would weigh 18 g. In this case, 
assay the ore with the following proportions of flux: 80 g of litharge, 
20 g of sodium bicarbonate, and 5 g of borax. 
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(2) The lead button weighs less than 3 g 

Evidently the ore has a slight reducing action, but not enough to 
yield a button weighing 18 g when 30 g of ore are used; it is, there- 
fore, necessary to add charcoal to the flux. 

Example. — Assume that the lead button obtained by the preliminary assay 
weighed 1 g, then the button obtained from 30 g of ore would weigh 6 g. In order 
to obtain a button weighing 18 g it is necessary to add enough charcoal to supply 
12 g of lead. If 1 g of charcoal was found to reduce 30 g of lead, then it is necessary 
to add 12 -i- 30 g = 0.4 g of charcoal. 

(3) The lead button weighs more than 3 g 

In this case the ore has a strong reducing power, and to obtain the 
lead button of the right weight it is necessary to add some niter. 

Example. — Suppose the button to weigh 6 g; this would mean a 36-g button 
when 30 g of ore were used; i.e.^ 18 g too much lead would be produced. We 
must add, therefore, enough niter to oxidize this 18 g of lead. If the oxidizing 
power of 1 g of niter was found to be 4 g of lead, then IS -f- 4 — 4.5 g of niter must 
be added to the flux. 

Remark. — Ores which have a very strong reducing power would frequently 
require the addition of enough niter to cause the contents of the crucible to boil 
over. In such a case, place 40-50 g in a '^roasting-dish,'' roa^st in a muffle, and from 
this roasted ore take portions for the preliminary and final assays. The results, 
however, must be expressed in terms of the iinroasted ore. 

(4) No lead button is formed 

The ore is either neutral or possesses an oxidizing action. Repeat 
the assay using 1 g of charcoal, and base the final assay from the re- 
sults now obtained. 


Final Assay 

For convenience, it is customary to weigh out the ore in assay ton 
units. Ore is usually weighed in avoirdupois tons and gold in troy 
ounces. The assay report usually gives the; ounces troy contained in 
a ton avoirdupois. Since there are 29,166 troy ounc(5s in an avoirdu- 
pois ton, the assay ton is made equal to 29.166 g. Then if one assay 
ton of ore is used each milligram of gold obtained will represent one 
ounce per ton. For weighing out the ore an inexpensive balance (pulp 
balance) can be used. It should be capable of taking a, load of 200 g 
but need not be sensitive to less than 1 mg. For weighing the gold or 
silver buttons, a button balance sensitive to 0.01 mg should be used. 

For the final assay use from 0.1 to 5 assay tons of ore (according to 
the amount of gold present) and the corresponding amount of the vari- 
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ous fluxes. Otherwise the procedure is exactly the same as in the 
preliminary assay. Cupel the lead button and part the weighed silver- 
gold button as described on p. 254. 

Platinum, Pt. At. Wt. 195.2 

Platinum is best determined as metallic platinum. The following 
three cases will be considered: 

1. The platinum is present in a hydrochloric acid solution either 
alone or together with other metals, but other platinum metals are 
absent. 

2. The platinum is present alloyed with gold and silver. 

3. The platinum is alloyed with small amounts of the platinum metals 
together with small amounts of base metals. 

1. The Platinum is Present in Hydrochloric Acid Solution Either Alone 
or Together with Other Metals 

The platinum is either precipitated from the solution as ammonium 
chloroplatinate, (NH4)2PtCl6, which is decomposed by ignition and the 
residual platinum weighed; or the platinum is precipitated as metal 
by the addition of reducing agents to the solution; or finally the plati- 
num is precipitated as sulfide by conducting hydrogen sulfide into the 
hot solution and changed to platinum by ignition. The two former 
methods serve to separate platinum from most other metals ; the latter 
serves to separate platinum only from the metals of the alkali, alkaline 
earth, and ammonium sulfide groups, and not from members of the 
hydrogen sulfide group. 

(a) Precipitation of Platinum as Ammonium Chloroplatinate 

Reduce the volume of the solution as much as possible by evapora- 
tion, nearly neutralize with ammonia, add an excess of ammonium 
chloride and considerable alcohol. Allow the mixture to stand 12 hours 
under a glass bell-jar. Filter through an asbestos filter tube 10-15 cm 
long and wash with 80 per cent alcohol until a few drops of the filtrate 
leave no residue on being evaporated to dryness on a platinum foil. 
Dry the precipitate by conducting a stream of air, warmed to about 
90°, through the tube. After cooling weigh the tube, introduce a plug 
of ignited asbestos* and again weigh; thus the weight of the asbestos 
plug is found. Conduct a stream of dry hydrogen through the tube, and 

* Ammonium cihloroplatinate decrepitates during the heating. To prevent loss 
of substance heat it between two asbestos plugs. 
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heat the tube carefully until no more hydrochloric acid is evolved and 
all the ammonium chloride has been driven off ; then cool the tube in a 
desiccator and weigh. 

Instead of filtering the precipitate upon asbestos, an un weighed paper- 
filter may be used. Place the moist precipitate together with the filter 
in a large porcelain crucible so that the apex of the filter paper points 
upward, and heat very carefully, as otherwise there can be a considerable 
loss by spattering. At first dry the precipitate by gently heating the 
partly covered and inclined crucible with a tiny flame under the cover 
until the odor of alcohol has disappeared. Take care not to burn the 
alcohol. When all the alcohol has evaporated, slowly raise the tempera- 
ture until the crucible is at a strong red heat. During the whole oper- 
ation there must be no visible escape of vapors from the crucible. 
The decomposition is complete when there is no longer a penetrating 
odor arising from the crucible. Now place the crucible in an upright 
position and ignite with free access of air until the carbon from the 
filter paper is completely burned. Often a slight deposit of platinum* 
will be found in the upper part of the crucible and upon the cover, 
so that the cover must always be weighed with the crucible. 

Remark. — If it seems likely that the precipitate of ammonium chloroplatinate 
is contaminated with other substances (e.g.j sodium chloride, etc.) the precipitate 
can be dissolved in water after it has been washed with ahsohol and dried. The 
platinum may then be determined by heating with a little mercury, washing the 
precipitated platinum with dilute hydrochloric acid and then with water, and finally 
weighing. 

The results obtained by this method are satisfactory but somewhat 
lower than the true values; the following process is more accurate: 

(b) Precipitation of Platinum by Reducing Agents 

Free the solution from any excess of acid by evaporation and transfer 
to an Erlenmeyer flask the neck of which is ground to fit a return-flow 
condenser. Neutralize the solution with ammonia, add an excess of 
formic acid and a little ammonium acetate, dilute to 200 ml, and heat 
to about 80° C on the water-bath until the evolution of carbon dioxide 
has nearly ceased. Now connect the flask with the return-flow con- 
denser, and boil for 24 hours. Filter off the precipitated metal, wash 
with dilute hydrochloric acid then with water, dry, ignite, and weigh. 

* By means of the dry distillation of the filter, carbon monoxide is formed; and 
by the decomposition of the ammonium chloroplatinate, chlorine is set free. These 
two gases act upon the metallic platinum and form volatile compounds (PtCLi-CO, 
PtCl2-2CO, and 2PtCl2*3CO), which, however, are later dccomposed by the aqueous 
vapor. This causes the deposit of platinum in the upper part of the crucible. In 
order to avoid loss, a large crucible should be used. 
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2. Determination of Platinum in Alloys 

Platinum is now used a great deal in jev/elry and there are so many 
useful alloys of platinum that the analysis has become of importance. 
The platinum content is almost always determined by dry assay. 

Weigh out 0.1 g of the alloy and make a trial assay to determine 
the approximate platinum content. Cupel twice with 1-g portions of 
lead at a high temperature (well back in the hot muffle), weigh the 
resulting button, and part with sulfuric acid as described below. For 
the analysis proper, weigh out 0.25 g of alloy; add 1.25 g of pure silver 
and the same quantity of copper. Cupel at a white heat, using 15 g 
of lead if the alloy is nearly pure platinum and reducing the quantity 
of lead by 0.15 g for each per cent of alloyed metal but using at least 2 g. 

After the cupellation place the button on a fresh cupel and heat 2-5 
minutes in the hottest part of the muffle. Hammer out the button 
and roll it until it is 0.2 mm thick. Part the button in a small Jena 
flask, using 20-30 ml of concentrated sulfuric acid which has been di- 
luted with 22 per cent of water by volume. Heat the metal with the 
sulfuric acid for 15 minutes at 240°. Nitric acid could not be used 
for the parting as it dissolves some platinum as well as silver. By 
boiling platinum with pure concentrated sulfuric acid, 7.7 mg are 
dissolved in an hour but dilution prevents the dissolving. By keeping 
the temperature at 240° there is no appreciable loss of platinum. 

After the heating allow the acid to cool, carefully decant off the 
liquid, and repeat the acid treatment twice more. To avoid loss by 
bumping during the second and third treatments, wind a piece of 
pumice with platinum wire and drop it into the flask. After the third 
treatment, decant off the acid and wash the residual platinum twice 
by decantation with water. During the decantation some platinum 
always flows off with the liquid. Save the washings, therefore, filter 
through a small filter, ignite, and weigh in a crucible. Transfer the 
most of the platinum to a porcelain crucible, rinse off the pumice, and 
evaporate off the water. Ignite and weigh. 

Separation of Platinum from Gold 

Parting with sulfuric acnd leaves gold, if present, with the platinum. Parting with 
nitric acid does not dissolve platinum in the absence of silver but, if three parts by 
weight of silver are present for each part of gold and platinum, the platinum gradually 
dissolves. 

Procedure. — the platinum-gold button, obtained by the 

above method of assaying, with three times its weight of pure silver 
and 1 g of lead. Hammer and roll the resulting button and part with 
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6 IV nitric acid. Weigh the button, inquartate with 3 parts of silver, 
and again cupel with 1 g of lead. This time part with 9.5 IV nitric 
acid. Repeat the inquartation and parting until a constant weight 
of gold is obtained. 

Instead of separating gold and platinum in this way, the button can 
be dissolved in aqua regia and the gold precipitated by ferrous sulfate 
as described on p. 250 or the gold may be thrown down from an alkaline 
solution by means of hydrogen peroxide. It may be necessary to dis- 
solve the gold in aqua regia and repeat the precipitation. To determine 
the platinum, precipitate it as sulfide by introducing hydrogen sulfide 
into the hot acid filtrate and weigh as metal after ignition in a porcelain 
crucible. 

3. Analysis of Commercial Platinum, according to Deville and Stas 

Heat 5 g of the platinum alloy for 5 hours at about 1000° with ten 
times as much lead in a crucible of purified gas-carbon embedded in a 
clay crucible filled with charcoal. After cooling, treat the lead button 
with very dilute nitric acid until gas is no longer evolved. 

In this way a solution, A, is obtained, containing about 98.4 per cent 
of the lead used, all the palladium and copper, and small amounts of 
platinum, rhodium, and iron, and a residue, B, consisting of a black 
metallic powder, which is filtered off, and will contain the remainder 
of the platinum and rhodium with all the iridium and ruthenium. 

1, Treatment of the Nitric Acid Solution A 

Precipitate the lead by adding a sliglit (excess of sulfuric acid, and 
filter. If the load sulfate is pure white, wash it with 2 IV sulfuric acid. 
If it is not absolutely white, wash it with a solution of ammonium 
carbonate until it becomes so; vsmall amounts of hiad are dissolved 
by this operation. Concentrate this last wash liquid, tlierofore, to 
precipitate lead carbonate, filter, and after making acid with hydro- 
chloric acid, add the solution to the main .filtratci. 

Evaporate to about 100 ml, and when cold pour into a saturated 
solution of ammonium chloride. Heat to l)oiling and allow to cool 
again. Filter off the ammonium chloi'oplatinate and wash with a 
saturated solution of ammonium chloride; in this way, the greater 
part of the platinum is obtained. 

Boil the filtrate from the platinum precipitate with formic acid and 
ammonium acetate as described on p. 260, h. In this way the remainder 
of the platinum, the palladium, and the rhodium will be precipitated. 
Filter off these metals, and determine the copper and iron in the filtrate 
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by the usual method. Dry the formic acid precipitate (consisting of 
a black metallic powder) and fuse with potassium pyrosulfate in a por- 
celain crucible. Treat the melt with water, decant the solution from 
the unattacked platinum, and wash alternately with ammonium car- 
bonate and nitric acid (to remove traces of lead sulfate), then with 
dilute hydrofluoric acid, and finally with water. Dry and weigh the 
platinum. The filtrate from the platinum contains palladium and 
rhodium. Precipitate the former by adding mercuric cyanide, and 
boiling until the odor of hydrocyanic acid has disappeared. Wash 
the voluminous yellowish white precipitate of palladous cyanide first 
by decantation and then upon the filter. Dry, and ignite at first 
cautiously and then strongly over the blast until the paracyanide is 
completely destroyed; finally heat in a current of hydrogen (as in the 
case of copper sulfide, p. 193) to reduce any palladium that has been 
oxidized by the previous treatment. As soon as the flame is removed, 
at once cut off the supply of hydrogen to prevent its being absorbed by 
the metal. Weigh the cold palladium. 

Precipitate the rhodium from the filtrate by means of formic acid, 
as before, dry the deposited metal, ignite in a stream of hydrogen, 
allow to cool in the gas, and weigh. 

2. Treatment of the Residue B 

Heat the washed residue with dilute aqua regia (2 vols. nitric acid, 
8 vols. hydrochloric acid, and 90 vols. water), and in this way solution 
C is obtained, which contains the rest of the lead, platinum, and rho- 
dium, and residue D, consisting of lamellae of iridium and ruthenium. 

3. Treatment of the Solution C 

After evaporating to a small volume, remove the lead by sulfuric 
acid. Evaporate the filtrate from the lead sulfate to dryness, take 
up the residue in hydrochloric acid, and precipitate the platinum by 
pouring into a cold saturated solution of ammonium chloride, continu- 
ing as described under 1, p. 259. The platinum precipitate contains a 
little rhodium. 

Wash the precipitate with half-saturated ammonium chloride solution 
and then twice with a little cold water. Set the filtrate aside. 

Rinse back the precipitate into the precipitating- vessel, and wash the 
filter thoroughly with boiling-hot water. Make the volume of liquid 
about 150 ml for each gram of Pt. Add a little HCl, heat to boiling, and 
pass a brisk stream of chlorine through the liquid until the precipitate 
dissolves, forming H2PtCl6 again. Add 6 ml of 10 per cent NH4CI 
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solution for each gram of Pt, evaporate to about 20 ml, and dilute with 
an equal volume of half-saturated NH4CI solution. After a few hours 
filter off the pure precipitate of (NH4)2PtCl6. Ignite and weigh as 
usual (see p. 259).* 

The combined filtrates from the platinum contain rhodium and stfil 
a little platinum. Add once more ammonia, acetic and formic acids, 
and boil the solution for a long time. Filter off the precipitated metal, 
ignite and weigh. Fuse this precipitate at a red heat with potassium 
pyrosulfate, and extract the cold melt with water. If a residue remains 
after this treatment, filter off, weigh, and treat with dilute aqua regia. 
If it dissolves, it is platinum; if it does not, it is rhodium. 

Dilute the filtrate from the ammonium chloroplatinate, which con- 
tained some rhodium, add formic acid and ammonium acetate, and 
gently boil for 2 or 3 days in an Erlenmeyer flask connected with a 
return-flow condenser. The liquid evaporates somewhat in spite of 
the condenser, and it is necessary to replace the evaporated part from 
time to time with a dilute solution of ammonium formate. In this way 
small amounts of platinum and rhodium are precipitated. Filter them 
off and separate by fusion with potassium bisulfate as before. In the 
filtrate traces of platinum, rhodium, and iron are likely to be present. 

First remove the iron by the addition of chlorine water and after- 
ward ammonia; filter off the ferric hydroxide, ignite, and weigh. To 
remove the last traces of platinum and rhodium, evaporate this last 
filtrate to dryness, heat the residue with nitric acid to remove the am- 
monium chloride completely, and then boil for a long time with formic 
acid and ammonium acetate. Wash the traces of metal thus obtained 
with hydrofluoric acid and add to the main portion of platinum and 
rhodium. 


4. Treatment of the Residue D 

Filter off the undissolvod, gray lamellse (consisting of iridium, ruthen- 
ium, and small amounts of iron) obtained after the above treatment 
with dilute aqua regia. Dry, ignite in an atmosphere of hydrogen or 
illuminating gas, and weigh. 

Fuse the weighed metal in a pure gold crucible with potassium ni- 
trate and carbonate. For this purpose, place a previously melted 
mixture of 3 g potassium nitrate and 10 g potassium carbonate in 
the crucible, add the metal, and heat the mixture for 2 hours at a dull- 
red temperature. In this way the ruthenium is changed completely 
into water-soluble potassium ruthenate, K2IIUO4, and the iridium is 


' Schoeller, Analyst, 65, 550 (1930). 
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oxidized to Ir 203 ; the latter forms, to some extent, a soluble compound 
with the alkali. 

Extract the melt with water, and pour the solution, together with 
the suspended Ir 203 ,* into a stoppered cylinder, allow the precipitate 
to settle, and decant off the clear liquid into a retort. 

Repeatedly cover the residue remaining in the cylinder with a dilute 
solution of sodium hypochlorite and sodium carbonate, until the yellow 
color is completely removed. Add the decanted liquid to the main 
solution in the retort. This solution contains all the ruthenium and 
a part of the iridium. Saturate with chlorine in the cold, distil and 
receive the distillate in a mixture of alcohol (distilled over potassium) 
and pure hydrochloric acid. 

After the distillation is complete, evaporate the alcoholic distillate 
to dryness and reduce the ruthenium chloride thus obtained to metal 
by heating in a stream of hydrogen. After weighing, test the purity 
of the ruthenium. It should dissolve completely in a concentrated 
solution of sodium hypochlorite. 

Evaporate the liquid remaining in the retort to a small volume, add 
the insoluble residue that remained in the cylinder after the above 
treatment with sodium hypochlorite solution, and boil the mixture with 
caustic soda solution, with the addition of a little alcohol, until all the 
iridium is precipitated. 

Filter off the dark blue precipitate, consisting of iridium oxide and 
small amounts of ferric hydroxide, wash, and strongly ignite. Dissolve 
out the contaminating ferric oxide by heating with hydrochloric acid 
containing some ammonium iodide, and wash the residual iridium oxide 
successively with water, chlorine water, and hydrofluoric acid, to re- 
move gold that came from the crucible and silicic acid from the caustic 
soda. Ignite in hydrogen and weigh the iridium. 

Precipitate the iron in the hydrochloric acid extract as ferric hydrox- 
ide, ignite, and weigh. Test its purity by heating in a stream of hy- 
drogen and hydrochloric acid, to see if it can be completely changed to 
ferrous chloride and volatilized as such. 

F. Mylius and F. Forster f have recommended that platinum be 
tested for small amounts of impurity by taking three separate portions 
each weighing 10 g. Test the first portion for palladium, iridium, 
and ruthenium according to the lead procedure just described of Deville 
and Stas. The second portion serves for the iron determination; dis- 
solve the metal in aqua regia, precipitate the platinum metals by formic 

* Cf. W. Palmaer, Z. anorg. Chein,, 10, 332 (1896). 

t Ber. 1892, p. 665. 
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acid, and determine the iron in the filtrate. In the third portion de- 
termine rhodium, silver, copper, and lead by volatilizing the platinum 
as PtCbCO at 238° (temperature of boiling quinoline) in a stream of 
carbon monoxide and chlorine, and determining the other metals in 
the residue. 

» 

Remark. — The determination of the iron in a separate portion is to be recom- 
mended, for in the lead procedure some iron is always obtained from the carbon 
crucible. 


PALLADIUM, Pd. At. Wt. 106.7 

In the older methods of analysis, palladium was usually determined as metal. 
Although some palladia salt is formed when the metal is dissolved in aqua regia, 
bivalent palladous chloride, PdCb, is formed on evaporating with concentrated 
hydrochloric acid. From a slightly ac.id solution of palladous chloride, the free 
metal can be deposited easily by beating with sodium formate solution or ])y passing 
carbon monoxide into the cold, slightly acid solution. The deposited metal can be 
filtered off, ignited, and weighed. Palladium also forms some insoluble salts that 
can be used for ciuantitative analysis. Thus palladous cyanide, Pd(CN)a, palladous 
iodide, PdL, and palladous nitrosonaphthol, Pd(CioIi(;N02)2, have been retuunmerided 
for determining palladium. In the first two cases, the similarity of palladous salts 
to silver salts will be noticed, and in qualitative analysis palhidium is precipitated 
in the first group. In the (^asc of the nit.rosonaphthol (compound, the analogy to 
cobalt will be noticed. This is not surprising, for palladium, like cobalt, belongs 
in the eighth group of the periodica table of the elements. To-day, the most charac- 
teristic reagent for palladium is dimethylglyoximc which is used so much for de- 
termining nickel, another eighth-group element. By mea.nH of this reagent, it is 
possible to separate palladium from the other platinum met^als; and the precipitate 
can be weighed. Gold must absent or it will predpitatc a,s metal. The only 
objection that can be raised to dimethylglyoximc as a reagent for palladium is the 
facit that the precipitate is very voluminous a,nd wdien rnudi of it is present it may 
be difficult to handle. In such cases prccipitallon of the (ya,nide or of the if)dide 
may be used. Both Pd(CN )2 and IMG are sufficiently insoluble to i)rovidc satis- 
factory sex)arations. The iodide is soluble in an exc.ess of pota,ssium iodide solution 
so that care must be taken to use only a slight cx(tess of reagent, a,n(l rhodium iodide, 
Rhia, may precipitate if much rhodium is pre.seidu Pot^assium iodide also gives a 
deep red color with ILPtChj on account of the formation of ILPtbi; this rcjiction 
has been recommended for detecting platinum. 

(a) Determination with Dimethylglyoxime 

Procedure. — To the moderately acid Rolution (it can be 0.25 AT in 
HCl or HNO3) containing not more than 0.1 g of Pd in 250 ml add at 
room temperature a 1 per cent solution of diinotliylglyoxime in 95 per 
cent alcohol. For each milligram of palladium pres(uit, use about 0.25 
ml of the reagent (0.0025 g of solid). Allow the solution to stand for 
half an hour at about 40° or for an hour at room temperature and then 
filter through a weighed Gooch crucible. To the filtrate add a little 
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more of the reagent to make sure that the precipitation is complete. 
Wash the orange-yellow precipitate of Pd(C4H7N202)2 thoroughly, 
first with cold and then with hot water, dry at 110°, and weigh. The 
precipitate contains 31.67 per cent of palladium. 

If it is desired to repeat the precipitation, as is sometimes necessary when much 
platinum is present, filter through a paper filter and digest the precipitate with 25 
ml of aqua regia which has been diluted with an equal volume of water. Dilute, 
filter, burn the filter, digest the ash with aqua regia, dilute, and filter into the main 
solution. 

If more than 0.1 g of palladium is present, it is well to work with an aliquot part 
of the solution, or an ashless filter paper can be used for filtering off the bulky pre- 
cipitate. Transfer to a weighed porcelain crucible, dry, ignite slowly, and cool in a 
stream of hydrogen. Finally uncover the crucible and heat momentarily to redness 
to drive off most of the occluded hydrogen from the palladium metal. (If a metallic 
sublimate forms on the sides of the crucible, the ignition has not been properly 
done.) Moisten the residue with 2 or 3 drops of formic acid, and heat the crucible 
and its contents on a hot plate to evaporate off the excess formic acid, and finally 
weigh as Pd. 


(6) Precipitation of Palladium by Formic Acid 

To the fairly dilute solution add sodium formate solution, cover with 
a watch glass, and heat carefully over a free flame. Carbon dioxide is 
evolved and shortly the palladium is precipitated as a fine black powder: 
PdCl 2 + HCOsNa = NaCl + HCl + CO 2 + Pd. The finely divided 
metal is appreciably soluble in hydrochloric acid. After the evolution 
of gas has ceased, therefore, add sodium carbonate solution until a 
neutral or faintly alkaline reaction is obtained. Filter and wash the 
palladium with hot water. Place the moist filter and precipitate in a 
porcelain crucible and carefully ignite, finally using the full heat of the 
burner. Cool and weigh. As a rule, there is a slight superficial oxi- 
dation of the metal as shown by blue or violet colorations, but the in- 
crease in weight is so small that it can be neglected. 

(c) Precipitation of Palladium as Palladous Cyanide 

Nearly neutralize the solution with sodium carbonate and add an 
excess of mercuric cyanide: PdCb + Hg(CN )2 = HgCb + Pd(C]N[) 2 . 
Heat on the water-bath until there is no more odor of hydrocyanic 
acid, allow the light yellow precipitate to settle, wash it by decantation 
and on the filter with cold water. Dry, ignite, and weigh as Pd. 

Separation of Palladium from Platinum 

Evaporate the hydrochloric acid solution to dryness. If any nitric 
acid was present, add more hydrochloric acid and again evaporate to 
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dryness, because it is necessary for the success of this separation that 
all the palladium shall be in the bivalent condition. Otherwise, in- 
soluble (NH 4 ) 2 PdCl 6 will be formed together with the corresponding 
platinum compound. 

To the residue add a slight excess of solid ammonium chloride. 
Moisten with a little water, and after a short time add some saturated 
ammonium chloride solution (38 per cent). Stir well, allow to stand for 
some hours, then filter off the (NH4)2PtClG precipitate. Wash with 
strong ammonium chloride solution and treat the precipitate as described 
on p. 259. 

In the filtrate determine the palladium as the palladous salt of di- 
methylglyoxime. 


Selenium, Se. At. Wt. 78.96 

Selenium is usually determined as the clement itself. Two cases 
are to be considered : 

L The selenium is present as alkali selenite or as selenious acid. 

11. The selenium is present as alkali selcnate or as selenic acid. 

L The selenium is present as selenite or as free selenious acid. — Make 
the solution acid with hydrochloric acid, saturate with sulfur dioxide 
gas, boil, filter through a Gooch crucible, and wash first with water 
then with alcohol. Dry the residue at 105° and weigh. 

Remark. — The precipitation of selenium by sulfur dioxide is (piantitative whether 
the solution is concentrated or dilute, but it takes place more readily in the presence 
of considerable acid. This fa<d< is of importance in the sepa, ration of selenium from 
tellurium, for the latter element is not precipitated by sulfur dioxide when consider- 
able hydrochloric acid is present (cf. p. 270). 

In the presence of nitric acid the precipitation of selenium by sulfurous 
acid is incomplete. In such cavses, the nitric acid may be removed by 
boiling with hydrochloric acid in a flask under a niturn-flow condenser. 
Evaporation in an open vessel is not permissible as considerable se- 
lenium is volatilized even in the presence of dissolved allcali chloride. 
It is safer to precipitate the selenium with hydrazine sulfate or hydra- 
zine hydrate when nitric acid is present. 

Add ammonium hydroxide to the nitric acid solution until it is faintly 
ammoniacal and then make slightly acid with hydrochloric acid. Cover 
the Erlenmeyer flask with a watch glass, add an excess of hydrazine 
sulfate or hydrate, and boil until the precipitated red selenium coagu- 
lates and changes into the easily filtrable gray modification with a clear 
supernatant solution. Filter into a Gooch or Mimroe crucible, wash 
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with hot water and then with alcohol, dry at 105°, and weigh the 
selenium. 

Phosphorous acid does not precipitate selenium from cold, dilute, 
strongly acid solutions; this fact is made use of in the separation of 
selenium from mercury (cf. p. 272). 

II. The selenium is present as alkali selenate or as free selenic acid. — 
As selenium in the form of selenic acid is not precipitated by sulfur 
dioxide, phosphorous acid, or hydrogen sulfide, it must be first reduced 
to selenious acid by long-continued boiling with hydrochloric acid (cf . 
VoL 1); the above procedure is then followed. This tedious oper- 
ation is unnecessary, however, if the precipitation is effected with 
hydrazine hydrate or sulfate as described under I. 

In practice, selenium is obtained usually in neither of the above forms, 
but as impure selenium (selenium sponge) or as selenide, and by the 
treatment of these substances one or the other of the above selenium 
compounds is obtained. 

If the selenium or selenide is made to react with concentrated nitric 
acid,* or aqua regia, all of it is dissolved in the form of selenious acid 
(not selenic acid), and the selenium can be precipitated with hydrazine 
hydrate or sulfate as described under I. 

If the finely powdered selenium or selenide is intimately mixed with 
two parts sodium carbonate and one part potassium nitrate, placed 
in a nickel crucible, covered with a layer of sodium carbonate and potas- 
sium nitrate, and heated gradually until it fuses, all the selenium forms 
alkali selenate and on extracting the melt with water it goes into solu- 
tion; in this way it is separated from most of the remaining oxides. 
The solution, however, often contains small amounts of lead. In 
order to remove lead, treat the filtrate with hydrogen sulfide, and again 
filter; free the solution from hydrogen sulfide by boiling, strongly acidify 
with hydrochloric acid, boil until no more chlorine is evolved, and pre- 
cipitate the selenium by sulfur dioxide according to II. 

Remark. — The mixture must be heated very slowly, as otherwise some selenium 
is likely to be lost by volatilization. 

Tellurium, Te. At. Wt. 127.6 

Tellurium is usually determined as the element itself. 

If sulfur dioxide is conducted into a hydrochloric acid solution con- 
taining tellurous acid, black tellurium is precipitated quantitatively, 
provided the solution does not contain too much acid. If tellurous acid is 
dissolved in 200 ml of concentrated hydrochloric acid, no tellurium will 

* Mercury selenide is unacted upon by nitric acid, but is dissolved by aqua regia. 
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be precipitated on passing sulfur dioxide into the cold solution. If, how- 
ever, the solution is diluted with an equal volume of water and sulfur 
dioxide is passed into the boiling solution, all the tellurium will be 
precipitated. Filter off the precipitate, wash with water until free from 
chlorides, then with alcohol, dry at 105®, and weigh. The oxidation of 
the tellurium during the drying is so slight that it can be disregarded. 

From solutions of telluric acid, tellurium is not precipitated by means 
of sulfur dioxide. From such solutions the precipitation can be accom- 
plished by boiling for a long time under a return-flow condenser with 
strong hydrochloric acid which reduces telluric acid. According to 
Gutbier, this reduction is unnecessary if hydrazine hydrochloride or 
hydrate is used to precipitate the tellurium. 

2 HeTeOe + 3 (N2H4-2HC1) = 12 H 2 O + 6 HCl + 3 N 2 + 2 Te 

Lenher and Homberger prefer to use both hydrazine hydrochloride 
and sulfurous acid. Their procedure is as follows: To the solution 
of tellurite, telluratc, or the corresponding acids, containing about 
0.5 g of tellurium, add 25 ml of 3 N hydrochloric acid, 10 ml of a 15 
per cent solution of hydrazine hydrochloride, and 35 ml of saturated 
sulfur dioxide solution. Boil 5 minutes, filter, wash with hot water 
till free from chloride, then with alcohol, dry at 105®, and weigh as 
tellurium. The entire analysis can be made in an hour. 

Separation of Selenium and Tellurium from the Metals of 
Groups III, IV, and V 

By conducting sulfur dioxide into the solution fairly acid with hy- 
drochloric acid, the selenium and tellurium will l)c quantitatively pre- 
cipitated while the other metals remain in solution. 

Separation of Selenium and Tellurium from the Metals of Group II 

(a) From Copper^ Bimnuth^ and Cadmium 

Pass sulfur dioxide into the boiling solution, acid with hydrochloric 
acid, whereby all the selenium and tellurium and usually some of the 
bismuth are precipitated. Filter and wash the prcjcipitate with hot 
water. Dissolve it in nitric acid, evaporate the solution to dryness, 
take up in concentrated hydrochloric acid, dilute with a little water, 
and precipitate with hydrogen sulfide. Wash the precipitate, consist- 
ing of the sulfides of selenium, tellurium, and bismuth, and treat with 
sodium sulfide solution; selenium and tellurium pass into solution while 
the bismuth remains behind as its brown sulfide and is filtered off. 

Make the solution containing the selenium and tellurium acid with 
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nitric acid, carefully evaporate to dryness, and boil the residue with 
200 ml of concentrated hydrochloric acid, until there is no longer any 
evolution of chlorine. Filter off the deposited sulfur through a Gooch 
crucible, and saturate the filtrate with sulfur dioxide gas; ail the se- 
lenium is in this way precipitated. Filter off the selenium through a 
Gooch crucible and wash successively with 10 Nj ONj and 2N hydro- 
chloric acid, and finally with absolute alcohol. Dry the precipitate at 
105° and weigh. Dilute the filtrate with an equal volume of water and 
precipitate the tellurium by passing sulfur dioxide into the boiling 
solution. Wash this precipitate with water until free from chlorides, 
then with absolute alcohol, dry at 105°, and weigh. 

Remark. — The above method is suitable for the separation of selenium and 
tellurium from small amounts of bismuth, but does not effect a good separation of 
selenium (and tellurium) from copper. In this case, more or less copper selenide is 
formed according to the conditions, and this compound is not decomposed quan- 
titatively by sodium sulfide.* The following method of B. Brauner and B. Kuzmaf 
is more satisfactory. 

Precipitate the tellurium and selenium in a pressure-flask, by means 
of SO 2 , filter off the precipitate, which is contaminated with copper, 
antimony, and bismuth (using a Gooch crucible), wash, dissolve in 
nitric acid, evaporate the solution to dryness, and take up the residue 
in caustic potash solution (1 : 5). To the alkaline solution in an Erlen- 
meyer flask upon a water-bath, add little by little 4-6 g of ammonium 
persulfate, whereby the potassium tellurite is oxidized to potassium 
tellurate and the selenite to selenate. When all the persulfate has 
been added, boil the solution to decompose the excess of persulfate, 
make acid with sulfuric acid, and allow to cool. Now, add 100 ml of 
H 2 S-water, expel the excess of the H 2 S by passing CO 2 through the 
solution, filter off the precipitated CuS (Bi 2 S 3 , Sb 2 S 3 ), and treat as 
described on p. 228, Boil the filtrate with hydrochloric acid to reduce 
the telluric acid to tellurous acid, reduce the solution by SO 2 , and 
analyze as described above. 

The first filtrate from the impure Te and Se will contain the greater 
part of the Cu, Bi, etc. 

(6) From Antimony, Tin, and Arsenic 

If considerable antimony is present, add tartaric acid to the solution, 
and precipitate the selenium and tellurium by boiling with sulfur dioxide. 

According to Muthmann and Schrdderf this method of separating 

* Cf. E. Keller, /. Am. Chem. 80 c., 19, 771, 

t Ber,, 1907, 3362. 

t Z, anarg. Chem., 14, 433 (1897). 
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tellurium from antimony is not quantitative; some antimony is always 
precipitated with the tisllurium. A. Gutbier,* however, finds that a 
perfect separation can be accomplished by means of hydrazine hydro- 
chloride (not the sulfate). 


(c) From Mercury 

Dissolve the mercury selenide, or telluride, in aqua regia, add chlo- 
rine water, and dilute the solution largely with water. Add phos- 
phorous acid;t after 24 hours' standing, the mercury is precipitated 
completely as mercurous chloride, and can be clcitermined as such 
according to p. 183. Make the filtrat<^ slightly alkaline with potassium 
hydroxide, evaporate nearly to drync^ss, dilute, and separate the se- 
lenium from the tellurium according to tln^ method of Keller (see below). 

<1 

(d) From Gold and Silver 

The separation of selenium and tellurium from silvea* offers no diffi- 
culty, inasmuch as the silver can ho precipitated by hydrochloric acid 
and determined as the chloride. 

Precipitate the gold as described on p. 250 by oxalic acid and the 
selenium and tellurium in the filtrate l)y means of sulfur dioxide. The 
three metals may also ho precipitatcul togcdJier by sulfur dioxide, 
weighed, and the selcmium and tellurium afterward volatilized by roast- 
ing, leaving the gold behind. 

Tellurium may be separated from gold by pn^cu’intating the gold 
with ferrous sulfate. In the case of sehmium, howeveu', it is also pre- 
cipitated quantitatively by ferrous sulfate fnnn solutions strongly 
acid with hydrochloric acid. 

Separation of Selenium from Tellurium 

Method of F. Keller t 

Keller's method is based upon the fac.t Uiat tellurous a,(‘i(l is not i)rO('ipi(,atcd from 
solutions strongly acid with hydrochloric; acJd while Kclcniiii^ is i)r(M‘i})itato(l (quan- 
titatively. 

Procedure, — Dissolve the mixture of the two (ilcammts, obtained by 
precipitation with sulfur dioxide;, in nitric acid arid car(;fully (;va.p()ratc 
to dryness. Treat the dry mass with 200 ml of con(;(;ntrat(;d hydrochlo- 
ric acid, boil to remove the nitric acid and sa-turat-c; witli sulfur dioxide. 

* Z, anorg. Chmi., 32, 263 (1902). 

t Selenious and tellurous acids are not j)rec.iq)itatc(l by phospliorous acid from dilute 
hydrochloric acid solution, but are precipitated from hot (concentrated solutions. 

t J- Am. Chem. Soc., 19, 771. 
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Filter off the precipitated selenium through a Gooch crucible^ wash 
first with a mixture of 90 vols. HCl and 10 vols. water, then with di- 
lute hydrochloric acid, then with water until free from chloride, and 
finally with absolute alcohol. Dry the selenium at 105® and weigh. 
Dilute the filtrate with an equal volume of water, heat to boiling, pre- 
cipitate the tellurium by sulfur dioxide and treat Uke the selenium. 

According to Keller, this method gives satisfactory results, as long 
as the amount of tellurium present does not exceed 5 g. Even then 
the separation can be effected by increasing the amount of acid to 
450 ml. 

Determination of Selenium and Tellurium in Crude Copper 

Many copper ores contain selenium and tellurium, and the crude 
copper obtained from such ores always contains these elements. The 
amount present may be determined, according to Keller,* as follows: 
According to the amounts of selenium and tellurium present, take 
5-100 g of the copper for analysis. Dissolve the sample in nitric 
acid, and add an excess of ammonia to precipitate the phosphorus, arse- 
nic, antimony, tin, bismuth, selenium, and tellurium together with the 
ferric hydroxide;! the copper is held in solution by the excess of am- 
monia. Filter off the precipitate and wash with dilute ammonia-water 
until the copper is completely removed. Dissolve the precipitate in 
hydrochloric acid and saturate this solution with hydrogen sulfide in 
the cold; selenium and tellurium together with arsenic, antimony, tin, 
and bismuth are thrown down as sulfides and are separated by filtration 
from the iron and phosphorus. Treat the precipitate thus obtained 
with sodium sulfide solution, and filter. The filtrate contains all the 
selenium and tellurium in the presence of arsenic, antimony, and tin 
as thio-salts. Make acid with nitric acid and carefully evaporate to 
dryness. Dissolve the residue in 200 ml of concentrated hydrochloric 
acid and treat as described on p. 272. 

Molybdenum, Mo. At. Wt. 96,0 
Form: Molybdenum Trioxide, M 0 O 3 

If the molybdenum is present as ammonium molybdate, heat a 
weighed portion in a spacious porcelain or platinum crucible, at first 
carefully and later to a dull red heat; this leaves the molybdenum tri- 

* J. Am. Chem. Soc., 22, 241. 

t About 0.2 g of ferric iron should be present. If necessary, add some iron dis- 
solved in nitric acid. 
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oxide behind in the form of a dense powder, appearing yellow when 
hot and almost white when cold. There is no danger of losing any of 
the molybdenum by volatilization, provided the dull red heat is not 
exceeded. 

If the molybdenum is present as alkali molybdate, change it to 
mercurous molybdate or to its sulfide, and then analyze as described 
below. 

Precipitation of Molybdenum as Mercurous Molybdate 

In the course of analysis it is frequently necessary to determine 
molybdenum in alkali molybdates obtained by fusion with an alkali 
carbonate. 

Neutralize the greater part of the alkali carbonate with nitric acid, 
and to the slightly alkaline solution add a barely acid solution of mer- 
curous nitrate until no further precipitation is effected. Heat the 
liquid to boiling, allow the black precij)itate, consisting of mercurous 
carbonate and mercurous molybdates, to settle, filter, and wash with a 
dilute solution of mercurous nitrate. Dry the prc^cipitato, transfer as 
completely as possible to a watch glass, and dissolve', the precipitate re- 
maining on the filter in hot dilutee nit.ric acid into a L'lrge porcedain cruci- 
ble. Evaporate the solution to dryrnvss, add main portion of the 
precipitate to the residue, heat tlu' whohi wry cn,r(‘fully over a low 
flame until the mercury is completely volaihizcul, and weigh the residual 
molybdenum trioxide. 

Remark. — It was formerly (uisiomn-ry t,o add a slif^ht exocss of nau-ourous nitrate 
solution and then to a,dd mercuric oxide t-o neutndiz{‘, tlie (^x<'esH of nitric, acid (the 
solution of mercurous nitrate contains free nitric, acid). A(u‘ording to the above 
procedure of llillebrand, the addition of nun’curic^ oxide is wholly supcirfluous, for 
the basic mercurous carbonate suflicoH to remove th(‘, slight, nmount of free nitric 
acid. 


Precipitation of Molybdenum as Molybdenum Sulfide 

The precipitation of inoly])d(‘nuin as the stilfido can tak(^ place in 
two ways: either the acid solution may be pr(‘(!ii)ita.t(Hl by hydrogen 
sulfide gas, or the solution of ammonium thio-inolybdato may be 
acidified with dilute acid. 

(a) Precipitation of Molybdenum Sulfide from Acid Solutions 

Place the molybdenum solution, slightly a,cid with sulfuric acid,* 
in a small pressure-flask and saturate in the cold with hydrogen sulfide. 

* In some cases, e.g., for the separation of Mo from Ba, Sr, and Ca, it is necessary 
to effect the separation in a hydrochloric ac;id solution, 
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Close the flask, heat on the water-bath until the precipitate has com- 
pletely settled, and filter after it has become cold. Wash the pre- 
cipitate with very dilute sulfuric acid and finally with alcohol until 
the acid has been completely removed. Place the moist filter in a 
large porcelain crucible and dry upon the water-bath. Cover the 
crucible and heat very carefully over a small flame until no more hy- 
drocarbons are expelled. Then remove the cover, burn off the carbon 
from the sides of the crucible at as low a temperature as possible, and, 
by raising the temperature gradually, change the sulfide to oxide. The 
operation is finished when no more sulfur dioxide is formed. After 
cooling, add a little mercuric oxide suspended in water to the contents 
of the crucible, stir the mixture well, evaporate to dryness on the water- 
bath, remove the mercuric oxide by gentle ignition, and weigh the residue 
of molybdenum trioxide. The mercuric oxide helps to remove particles 
of unburned carbon. 

It is much easier to transform the molybdenum trisulfide into the 
oxide as follows: Filter off the sulfide into a Gooch crucible, wash with 
water containing sulfuric acid, and then with alcohol, and dry at 100° C. 
Place the crucible within a larger nickel one, cover with a watch glass,* 
and carefully heat over a small flame whereby the sulfide is for the most 
part changed to the oxide. As soon as the odor of sulfur dioxide can 
no longer be detected, remove the watch glass and heat the open cru- 
cible to a constant weight. The molybdenum oxide thus obtained 
always contains traces of SO 3, and consequently has a bluish appear- 
ance. The results, nevertheless, are excellent. 

(h) Precipitation of Molybdenum Sulfide from Alkaline Solution 

To the molybdenum solution add an excess of ammonium hydroxide 
and saturate the solution with hydrogen sulfide until it assumes a 
bright-red color. Make acid with sulfuric acid and treat the precipi- 
tate as described under (a). 

The Separation of Molybdenum from the Alkalies 

can take place by precipitation as mercurous molybdate or as sulfide, 
as described above. 

Separation of Molybdenum from the Alkaline Earths 

Fuse the substance with sodium carbonate, extract the melt with 
water, and filter. The solution contains all the molybdenum as alkali 


To avoid loss by decrepitation. 
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molybdate, while the alkaline earths remain undissolved as carbonates 
From the aqueous solution determine the molybdenum by one of the 
above methods. 

Separation of Molybdenum from the Metals of the 
Ammonium Sulfide Group 

Precipitate the molybdenum as sulfide (preferably from a sulfuric 
acid solution) by treatment with hydrogen sulfide under pressure (see 
p. 274). If the solution contains titanium, it is better to first add am- 
monia and ammonium sulfide, whereby the metals of Group III will 
be precipitated and the molybdenum will remain in solution in the form 
of its thio-salt. After filtration, precipitate the molybdenum as sulfide 
by the addition of acid (sec p. 275, h). 

Separation of Molybdenum from the Metals of Group II 

(a) From Lead, Copper ^ Cadmium, and Bismuth 

Make the solution alkaline with sodium hydroxide, add sodium sul- 
fide, digest some time in a closed flask, and filter. The molybdenum 
remains in solution as its thio-salt, while the other metals are precipi- 
tated as sulfides. After filtering, acidify the solution with sulfuric acid 
and heat in a pressure-flask until the procipita,tc has settled and the 
supernatant liquid appears colorh^ss. After allowing to cool, filter 
off the molybdenum sulfide and convert to oxide, as described on p. 275. 

(h) From. Arsenic 

Add ammonium hydroxide to film solution, which must contain 
the arsenic as arsenic acid, and pre(;ii)itat(i the arsenic by magnesia 
mixture (see p. 209), and filter. Makc^ tlu^ filtrates a,ci(l with sulfuric 
acid and precipitate the molybdenum as sulfide as described on p. 274. 

Separation of Molybdenum from Phosphoric Acid 

Precipitate the phosphoric acid from the arnmoniacal solution as 
magnesium ammonium phosphate (cf. Phosphoric Acid) and the molyb- 
denum as sulfide in the filtrate (cf. p. 274, a). Another way is to satu- 
rate the arnmoniacal solution with hydrogen sulfide, acidify with hydro- 
chloric acid, and then precipitate the molybdenum as sulfide. In this 
filtrate precipitate the phosphoric acid as magnesium ammonium phos- 
phate under the customary conditions. 
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Determination of Molybdenum as Lead Molybdate* 

Weigh out 0.5-5.0 g of the finely powdered ore into a 250-ml Erlen- 
meyer flask (not more than 0.15 g of Mo or 0.25 g of M 0 S 3 should be 
taken), and heat with 15 ml of concentrated nitric acid until the brown 
fumes are gone. Then add 10 ml of concentrated hydrochloric acid 
and evaporate to a small volume. Add 15 ml of 18 W sulfuric acid 
and evaporate to fumes of sulfuric acid. Cool, add 50 ml of water, 
and boil gently for a few minutes. Filter into a 150-mi beaker. Wash 
the PbS 04 and Si 02 residue with hot water, then six to eight times with 
4 N ammonia and finally with hot water. 

If arsenic is present add a little ferric sulfate at this point to make 
sure that ten times as much iron as arsenic is present. Usually 0.3-'0.4 g 
of the ferric salt is sufficient. This insures the precipitation of aU the 
arsenic as ferric arsenate upon neutralization. Nearly neutralize the 
solution with ammonia, heat to boiling, and pour slowly into 75 ml of 
hot 9W ammonia solution containing 3 g of sodium carbonate. The 
carbonate serves to precipitate alkaline earths if present. Stir well, 
and filter when the precipitate has settled. Wash with hot water. If 
arsenic is absent, omit the details described in this paragraph. 

To the filtrate add 3 g of tartaric acid and saturate the alkaline solu- 
tion with hydrogen sulfide. The tartaric acid is necessary to prevent 
the subsequent precipitation of vanadium and tungsten with the molyb- 
denum. Filter off any t)recipitate that may form in this alkaline solu- 
tion and wash with water containing hydrogen sulfide. To the filtrate 
add 6iV sulfuric acid until there is no further effervescence. Heat for 
a short tune, filter off the M 0 S 3 precipitate, and wash with very dilute 
sulfuric acid saturated with hydrogen sulfide. 

Dissolve this last sulfide precipitate in a little aqua regia and evapo- 
rate with hydrochloric acid to remove the nitric acid and the greater 
part of the excess acid. Dilute to 300 ml and neutralize with ammonia 
until alkaline to methyl orange. Then add 4-5 ml ef GW hydrochloric 
acid, 10 g of ammonium acetate,' and 2 ml of acetic acid. Heat to 
boUing and add 2 per cent lead acetate solution slowly from a buret, 
while stirring, until a drop of the solution tested on a spot plate will 
show no color change with fresh, 0.5 per cent tannin solution (cf. Volu- 
metric Determination of Lead). A brown color is obtained before all 
the molybdenum has been precipitated. Next add 2-5 ml excess lead 
acetate and 5-10 ml of acetic acid. Heat on the hot plate nearly to 
boiling for 15-20 minutes, filter while hot, and wash with hot dilute 
ammonium nitrate solution. Ignite carefully and weigh as PbMo 04 . 

* See U. S. Bur. Mines, Bull. 212, and Descriptive Circ. 6079. 
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Determination of Molybdenum in Steel 

Dissolve 2-3 g of drillings or chips in 50 ml of 6iV nitric acid, evapo- 
rate to dryness, and heat in a porcelain dish until the ferric nitrate is 
well decomposed. During the heating the oxides are for the most part 
dislodged from the sides of the dish. Transfer the loose particles to 
an agate mortar, mix with 12 g of sodium peroxide, and transfer to a 
well-scoured nickel or iron crucible containing a little sodium peroxide 
on the bottom. Rub the dish, mortar, and spatula with more sodium 
peroxide and transfer the peroxide to the crucible. Finally add a little 
sodium hydroxide solution to the dish, heat nearly to boiling, rinse into 
a beaker, and set it aside. 

Cover the crucible and heat with a small flame until the sodium 
peroxide melts, then raise the temperature and heat to dull redness 
for 15 minutes. Allow the crucible to cool, place it in a beaker, add 
150 ml of hot water, and cover the beaker with a watch glass. The 
mass dissolves quickly and most of the excess peroxide is decomposed. 
Add the reserved alkaline solution, remove the crucible, washing it 
thoroughly, and heat the contents of the beaker for about an hour 
on the water-bath. If the solution then shows a green color due to 
manganate, or a purple color duo to permanganate, cool, add a little 
more sodium peroxide, and stir. This servers to reduce manganate and 
permanganate to manganese dioxide. Dihite the solution to 200 ml, 
allow it to cool, and when woW settled, decant the supernatant liquid 
through a filter. Wash twic(^ by decantation with 50-ml portions of 
hot water and then on the filter until the washings arc neutral to red 
litmus paper. 

The insoluble residue may still contain a little molybdenum. Place 
the filter and its contents in the same crucible that was used before, 
heat till the carbon is consumed, and fuse with 8 g of a mixture of equal 
parts sodium carbonate and peroxide. Treat the melt as before and 
add the filtrate to that previously obtained. 

If the molybdenum content is considerable (over 5 per cent) dilute 
in a calibrated flask and use an aliquot part for the molybdenum de- 
termination. Otherwise use the entire filtrate which contains, besides 
all the molybdenum, any vanadium, tungsten, phosphorus, silicon, 
etc., that was originally present. 

Neutralize the greater part of the alkali with dilute sulfuric acid, 
evaporate to 100 ml, cool, and stir in 25 ml of concentrated ammonium 
hydroxide. Saturate the solution with hydrogen sulfide and continue 
as described on p. 266. 

After adding the acid to precipitate M0S3, it is well to introduce 
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hydrogen sulfide and heat while passing the gas to make sure that all 
the molybdenum is precipitated as sulfide. 

Remarks. — If tungsten is present, add tartaric acid before adding sulfuric acid to 
the ammonium sulfide solution. This prevents the precipitation of tungsten sulfide. 

If vanadium is present, the ignited molybdenum oxide has a dark color. After 
weighing the impure M0O3 treat with sodium hydroxide solution and determine the 
vanadium volumetrieally. Deduct the corresponding weight of V2O5 from that of 
the impure M0O3. 

If arsenic is present, remove it by adding magnesia mixture before introducing 
hydrogen sulfide. 

The filtrate from the molybdenum sulfide precipitate will be violet 
or bluish green if chromium and vanadium are present: only part of 
the vanadium is precipitated with the molybdenum. 

Pure molybdenum trioxide is light yellow when cold. On adding a 
drop of concentrated sulfuric acid and evaporating ofi the excess, a 
beautiful blue color is obtained. This test is very sensitive but may not 
be obtained if the molybdenum sulfide precipitate was not washed 
thoroughly to dissolve out sodium salts. 

Tungsten, W. At.,Wt. 184.0 

Tungsten is determined as its trioxide, WO3. 

If the tungsten is present as ammonium tungstate, as mercurous 
tungstate, or as tungstic acid, it can be changed by ignition in the air 
to yellow tungsten trioxide. Care should be taken not to heat strongly 
or some of the tungstic acid will be lost by volatilization. The crucible 
should be uncovered, and the full heat of the burner should not be used. 
When ignited over a Meker burner in a covered platinum crucible, a 
slow volatilization of tungstic acid takes place. There is danger of some 
tungsten being reduced by ignition of ammonium tungstate. 

If the tungsten is present as alkali tungstate, the tungstic acid may be 
precipitated as such, or by means of mercurous nitrate as mercurous 
tungstate;* by ignition the yellow trioxide is obtained and weighed. 

Precipitation of Tungstic Acid 

Moisten the sample with 20 ml of concentrated hydrochloric acid, 
add 10 ml of concentrated nitric acid, and evaporate carefully to 10 or 
15 ml. Rinse down the cover glass and sides of the container with water 
and dilute to about 150 ml. Add 5 ml of cinchonine hydrochloride 
solution (prepared by dissolving 12.5 g of cinchonine in 100 ml of ON 


See p. 179 for a method using tannin and cinchonine hydrochloride. 
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acid) and heat on the hot plate for 30 minutes or longer, stirring oc- 
casionally and keeping the temperature just below boiling. 

Allow the tungstic acid to settle and then decant the solution through 
a filter containing some pulp made by digesting ashless filter paper with 
acid. Wash the precipitate 3 times with the above cinchonine hydro- 
chloride solution diluted 100-fold. Transfer the precipitate to the filter 
and continue washing till free from alkali salt. Ignite at a low tempera- 
ture in an open crucible and weigh the residual WO3. 

Remarks. — It is difficult to precipitate tuiifj;stic a, fid by simple evaporation with 
acid. Sodium tungstate, NaoWO-i, unites to some extent with free tungstic acid to 
form an acid tungstate, Na 2 W 40 ia and tliis is not easily decomi)osed by acids. By 
heating with ammonium hydroxide the acid tungstate can be converted back to 
normal tungstate, but on adding acid some more of the acid tungstate is likely to 
form. 

Cinchonine hydrochloride prevents the formation of the acid tungstate and also 
prevents the formation of colloidal solutions upon washing. Turing the ignition all 
the organic material is consumed so that the prescnc-c of (Indioniiic in the precipitate 
does no harm. 

Tungstic acid is slowly volatilized by heating at a high temperature. The filter 
should be consumed at as low a temperature as povssible a,nd the heating stopped 
when the carbon is all gone. 

Precipitation of Tungsten as Mercurous Tungstate 

This method, proposed by Berzelius,* has oftcii b(‘.cu used to prccipitjitc tungsten 
from a solution of sodium tungstate obtained by fusion with alknJi carbonate. As is 
true of phosphates, however, many tungsiat(\s a, re dec.ornposed iiu^omplctcly by 
fusion with sodium carbonate so that for the d(d.crmina.tion of tungsten in ores and 
in alloy steels it is better to dcfiompose the mai-eria.l witJi a,eid and ])rec,ipitatc tungstic 
acid with the aid of cindionine hydrochloride, as described above. 

Procedure. — Add a few drops of methyl orange to the solution of 
alkali tungstate and add nitric acid (III the indiciitor turns pink. Boil 
to expel carbonic acid, allow to cool, and add a.n (‘xc(\ss of rncircurous 
nitrate solution. The yellow pnHiipit.n-tci s(d,tlc‘s (|ui(Ivly, and tlie super- 
natant liquid should appear as (dc^ar as wat,{U\ Aftnr standing 3 or 
4 hours, filter off the precipitates, wash with wa-ter containing mer- 
curous nitrate (5 ml saturated mercurous nitra,te solution diluted with 
water to 100 ml), dry, ignite in a porcelain crucible^, under a good hood, 
using the flame of a Bunsen burner, and W(dgh a,s WOa. 

Precipitation of Tungsten as Benzidine Tungstatef 

If a neutral solution of sodium tungstates is tresated with besnzidine 
hydrochloride, a white flocculent juxscipita-tes of benzidine tungstate is 

* Jahresher., 21 , II, 143. Of. O. v. der Pfordteii, Ann., 222 , 152 (1883). 

t G. V. Knorre, Ber., 38 , 783 (1905). 
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formed and the precipitate is insoluble in water containing benzidine 
hydrochloride ; when formed in the cold it is hard to filter and, on being 
washed with pure water, tends to run through the filter. If the precipi- 
tate is formed from a hot solution, however, it comes down in a more 
compact condition and after cooling* can be easily filtered and washed 
without loss with water containing benzidine hydrochloride. The 
moist precipitate on being heated to 800° 3 delds a residue of WO 3 . 

The precipitation can also take place satisfactorily from a cold solu- 
tion if, before adding the precipitant, a little dilute sulfuric acid or alkali 
sulfate is added to the solution. In this case a mixture of crystalline 
benzidine sulfate and amorphous benzidine tungstate is formed which 
can be filtered after standing 5 minutes. The benzidine sulfate is en- 
tirely volatile, so that equally good results are obtained by either of the 
above two procedures. 

If the tungsten is present as tungstate after fusing with sodium car- 
bonate, dissolve the melt in water, add a little methyl orange to the clear 
solution, then hydrochloric acid until the pink color is obtained, and 
finally 10 ml of 0.1 iV sulfuric acid. Benzidine hydrochloride gives a 
precipitate which can be filtered in 5 minutes. Wash with dilute ben- 
zidine hydrochloride until the evaporation of a few drops of the filtrate 
on platinum foil leaves no weighable residue. Ignite the moist precipi- 
tate as described above. 

Preparation of the Benzidine Solution 

Triturate 20 g of commercial benzidine in a mortar with water, 
wash into a beaker with about 400 ml of water, treat with 25 ml hydro- 
chloric acid (d. 1.2), and heat until solution is complete and a brown 
liquid is formed. Filter and dilute to 1 1. Of this solution, 5.6 ml is 
sufldcient to precipitate 0.1 g of WO3. 

If the analysis is carried out in the presence of sulfuric acid, it is neces- 
sary to add at least 1 ml of the benzidine solution for 10 ml of O.IW 
sulfuric acid added. 


Preparation of the Wash Liquid 

Dilute 10 ml of the above solution with distilled water to a volume 
of 300 ml. 

* Since benzidine tungstate is appreciably soluble in hot water containing ben- 
zidine hydrochloride, it is necessary in all cases to postpone the filtration until the 
solution is cold. 
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Determination of Tungsten in Chrome-Tungsten Steel* 

Procedure, — Treat 1.0 g of the steel in a 400-ml beaker’ with 50 ml 
of concentrated HCl, and heat in the covered beaker until all the metal 
is decomposed. Remove from the heat and add cautiously 5 to 7 ml 
of concentrated HNO3. Cover the beaker, and boil for 5 minutes to 
oxidize all the iron and convert the tungsten to yellow tungstic acid. 
Remove from the heat, wash the under part of the watch glass and 
the sides of the beaker with hot water, dilute to 75-100 ml, and filter 
through a 9-cm ashless filter containing some filter-paper pulp made 
from ashless filters. Wash the precipitate alternately, three times 
each, with 10-inl portions of hot GiV HCl and hot water, and finally 
with four similar portions of hot water. Transfer the paper and pre- 
cipitate to a weighed platinum crucible, ignite, and weigh. Treat the 
impure WO3 with sulfuric and hydrofluoric acids (see Silicic Acid) to 
volatilize Si02, and call the residue WO3. 

Remark. — Sometimes the WO3 is quite impure and should be subjected to the 
following treatment: Fuse the impure tungstic add with sodium carbonate, dissolve 
the melt in water, filter off the i’erri(5 oxide and chromic; oxide, wash thoroughly, 
return to the thoroughly washed crucible, and ignite. Rcipeat the fusion with a 
small amount of sodium (carbonate, filter, wash, ignite, and weigh. Deduct this 
weight from that of the irai)ure tungstic; a(;id. 

Sometimes a little chromium is i)resent in the impure tungstic; a(;icl. In that case 
the aqueous extrac;t of the fusions will be yellow and the chromium content can be 
estimated by the depth of color. 

Determination of Tungsten in Ores f 

Procedure. — Weigh out accurately about 1 g of the finely ground 
ore into a 400-ml beaker. Moisten the sampler with 5 ml of water and 
add 100 ml of concentrated hydrochloric acid. Ck)vor the beaker and 
digest at about 60*^ for at least an hour. Stir from time to time to 
prevent the formation of any crust. Then eva-porate slowly to about 
50 ml. Add 40 ml more of strong hydrochloric aedd, 20 ml of concen- 
trated nitric acid and evaporate to about 10 ml. During these opera- 
tions, especially when fresh acid is added, stir the material at the bot- 
tom of the beaker so that it does not become encrusted. 

Rinse down the cover glass and the sides of the beaker and dilute with 
water to about 150 ml If, by accident, the solution was evaporated 
to dryness during the above treatment, add 20 ml of concentra,ted hy- 

* This method has been recommended by the Bureau of Standards at Washing- 
ton, D. C. 

t Recommended by J. A. Holliday and found- satisfactory by collaborative work 
in 17 different laboratories in 1918 under the direction of W. F. Hillebrand, 
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drochloric acid and 10 ml of concentrated nitric acid to the residue and 
evaporate to 10 or 15 ml. 

To the diluted solution add 5 ml of cinchonine hydrochloride solu- 
tion (12.5 g of cinchonine dissolved in 100 ml of 6iV hydrochloric acid) 
and heat on the hot plate for 30 minutes or longer. The solution should 
be at a temperature just below the boiling point and should be stirred 
occasionally. 

Allow the tungstic acid anhydride to settle and then decant the solu- 
tion through a filter which contains some pulp made by digesting ash- 
less filter paper with acid. Wash the precipitate three times with a 
solution containing 10 ml of the above cinchonine solution to a liter of 
hot water. Then transfer the precipitate to the filter and wash with 
this same, diluted cinchonine solution. 

Wash the tungstic anhydride back into the, original beaker by a jet 
of water, using about 25 ml to accomplish this. Add 6 ml of concen- 
trated ammonia solution and heat gently, with the beaker covered, foi; 
about 10 minutes to convert ail the tungstic acid into ammonium tung- 
state. Rinse down the sides of the beaker with hot, dilute ammoni- 
acal ammonium chloride solution (200 ml of concentrated ammonia, 
800 ml of water, and 10 ml of concentrated hydrochloric acid). Stir 
up the contents of the beaker and filter through the same filter that was 
used for the previous filtration. Collect the filtrate in a 4:00-ml beaker 
and wash the original beaker and filter with the hot ammoniacal solution. 
The presence of a little ammonium chloride in this ammoniacal solution 
prevents colloidal silicic acid from passing into the filtrate. 

The residue on the filter is usually free from tungsten, but it should 
be tested by giving it the same treatment as that of the original ore. 
Ammonium and sodium salts tend to prevent the complete precipitation 
of tungstic acid, so that it is important, next, to remove the excess am- 
monia. After this has been evaporated off, add 20 ml of concentrated 
hydrochloric acid and 10 ml of concentrated nitric acid and evaporate 
to about 15 ml. Dilute with 150 ml of water and precipitate the re- 
mainder of the tungstic acid by treatment with cinchonine solution as 
described above. 

After filtering and washing the precipitate as before, ignite it care- 
fully in a weighed platinum crucible. The presence of the paper pulp 
causes the precipitate to form a porous, friable mass and makes it easy 
to oxidize the carbon. If the ignition is made in a muflie, the introduc- 
tion of oxygen is advantageous. After burning off the carbon, at as 
low a temperature as possible, weigh the precipitate and correct for 
silica by the usual treatment with hydrofluoric acid p. 289. 

If the tungstic acid is heated over the full flame of the burner, some 
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of it will be lost by volatilization. After the removal of the silica, the 
residue should be heated to dull redness for only 1 minute. Heated 
in the muffle, the maximum temperature should not exceed 800°. The 
ignited tungsten trioxide, WO3, should have a clean, lemon-yellow color. 

To test for tungsten in the residue that is insoluble in ammonia, ignite 
it in an iron crucible and fuse the ash with a small quantity of sodium 
peroxide mixed with a little sodium carbonate. Reducible metals are 
likely to ruin a platinum crucible if the residue and filter paper are heated 
in it. Extract the melt with water and filter. Acidify the aqueous 
extract with hydrochloric acid, add 5 ml of cinchonine hydrochloride 
solution, and heat for several hours to see if any yellow tungstic acid 
anhydride is formed. 

Rapid Method for Determining Tungsten in Ores 

Treat 1 g of ore in a platinum dish with about 10 ml of HE, 25 ml 
of concentrated HCl, and 10 ml of 9 N HCIO4. Heat carefully until 
the sample is decomposed, adding more HE if necessary. Evaporate 
on an air-bath to fumes of HCIO4. Dilute with water and transfer to 
a 400-ml beaker. The WO3 can usually be removed from the dish by 
rubbing with a rubber policeman. If any stain adheres, dissolve it 
in a little concentrated ammonia and add to th(i acid solution. Add 
75 ml of concentrated HCl and 25 ml of concentrated HNO3, and evapo- 
rate to about 20 ml at a temperature a little below the boiling point. 
Dilute with 100 ml of cold water add 10 ml of cinchonine, and allow 
2 hours for the precipitate to settle.* Filter and wash with dilute 
cinchonine solution as described on p, 283. Ignitci the residue in a 
weighed platinum crucible to a dull nxl heat and weigh. Treat with 
HF and H2SO4 as described on p. 289 to make sure that the original 
treatment removed all Si()2. 

Separation of Molybdenum from Tungsten 

(a) The Sulfuric Acid Method 

This method, proposed by M. Ruegenberg and E. F. Smith, f depends upon the 
fact that unignited molybdic acid is readily dissolved by warming with sulfuric 
acid (d. 1.38), while tungstic acid is not. 

* The above procedure is essentially that recommended by Ledoux and given in 
Bull. 212 of the Bureau of Mines. Ledoux recommends fusing the final precipitate 
with sodium carbonate as desciribed on p. 282. CJeorge W. Muller tcs-itcd the above 
procedure and found such correction apparently unnec^essary in ilic analysis of 
Scheelite. Muller found it advantageous to use the centrifuge instead of waiting 
2 hours for the final WO3 precipitate to settle, 

t J. Am. Chem, Soc,, 22, 772. 
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W. Hommel* tested this method in the author's laboratory, and could not obtain 
good results except by digesting the moist oxides with concentrated sulfuric acid, and 
afterward diluting with three times as much w^ater. 

Procedure. — {a) Both acids are present in a moist, freshly precipi- 
tated state. 

Cover the mixture with concentrated sulfuric acid in a porcelain dish 
and heat over a free flame. By this means, usually a small amount of 
the tungstic acid is oxidized to the blue oxide, so that the yellow pre- 
cipitate of tungstic acid is tinted with green. On adding one or two 
drops of dilute nitric acid, the green color disappears and the tungstic 
acid is of a pure yellow color. After digesting for half an hour, the 
separation is complete. Cool, dilute the liquid with three times its 
volume of water, filter, wash with water containing sulfuric acid, then 
two or three times with alcohol, ignite (after burning the filter by itself) 
in a porcelain crucible, and weigh as WO3. 

Precipitate the molybdenum in the filtrate by passing hydrogen sul- 
fide into the sulfuric acid solution in a pressure-flask, and treat the 
precipitate as described on p. 275. 

If only a little sulfuric acid is used for the separa.tion, the filtrate 
from the tungstic acid can be evaporated in a platinum dish, the sul- 
furic acid driven ofi for the most part, and the residue washed into a 
weighed platinum crucible with ammonia, and then evaporated, ignited, 
and weighed. If large amounts of molybdenum are present, however, 
it is always safer to precipitate the molybdenum as sulfide. 

(/5) Tungsten and Molybdenum are Present in the Form 
of Their Ignited Oxides 

These ignited oxides cannot be separated by treatment with sulfuric 
acid. According to W. Hommel, they can readily be brought into solu- 
tion by heating for half an hour on the water-bath with concentrated 
ammonia in a pressure-flask, shaking frequently. 

After cooling, wash the contents of the flask, whether dissolved or 
not, into a porcelain dish, evaporate to dryness, and treat as described 
under {a). 

It is still better to fuse the ignited oxides with four times as much 
sodium carbonate, and treat the melt as described under (a). 

(b) Sublimation Method^ 

If a mixture of the trioxides of tungsten and molybdenum, or of their alkali salts, 
is heated at 250-270° in a current of dry hydrochloric acid, the molybdenum is 

* Inaug. Dissert, Giessen, 1902. 

f Pdchard, Compt. rend., 114, p. 173, and 46, p. 1101. 
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volatilized completely as MoOg -21-101, which collects on the cooler parts of the tube 
as a beautiful, white, wool-like sublimate, while the tungsten trioxide remains behind 
in the boat. 

Procedure. — Weigh out about 0.3 g of the oxides of the two elements, 
or their sodium salts, into a porcelain boat, and place the boat in a tube 
made of difficultly fusible glass, of which one end is bent vertically down- 
ward and is connected with a Peligot tube containing a little water. 
Insert the horizontal arm of the tube through a drying-oven (to serve 
as an air-bath) (see Fig. 28, p. 48), and connect with an apparatus for 
generating hydrogen chloride gas. Pass this gas through a flask contain- 
ing concentrated hydrochloric acid, and then through concentrated sul- 
furic acid. As soon as the temperature has reached about 200° the 
sublimation of the molybdenum begins. From time to time drive over 
the sublimate that collects in the combustion tube toward the Peligot 
tube* by carefully heating with a free flame, to see whether any more 
molybdenum is being volatilized. After hea,ting for 1.5-2 hours, the 
operation is usually complete. Remove the boat containing tungsten 
trioxide, or the latter with sodium chloride, and if only the former 
is present, weigh after drying in a desiccator over caustic potash. If, 
however, sodium chloride is present (when the tungsten was origi- 
nally present as sodium tungstate) remove this by treatment with 
water, and weigh the filtered WO 3 . 

For the determination of iho molybdenum, wash out the sublimate 
in the tube by means of water containing a. little nitric acid, and care- 
fully evaporate the nitric acid solution of the entir(i sublimate to dryness 
in a porcelain dish. Dissolve the residues in ammonia., wash into a por- 
celain crucible, evaporate to dryness, and change to M 0 O 3 by gentle 
ignition. 


(c) The Tartaric Add Method of TL Ro.^e 

To the aqueous solution of the alka.li salts of th(^ two metals add 
considerable tartaric acid and an exc(\ss of sulfuric acid. Precipitate 
the molybdenum according to p. 274, by hydrogem sulfide in a pressure- 
flask. Filter off the molybdenum sulfide and change by roasting in 
the air to the trioxide. For the determination of the tungsten, destroy 
the tartaric acid by repeated evaporation with nitric acid, filter off the 
precipitated tungstic acid and change by ignition to the trioxidc. 

* By the absorption of the M0O3 *21101 in the water of the Pelipiot tube, the 
brick-red acid chloride, MosOoCIh, is often formed: 

3[Mo03-2HC11 H- 2 IICI = 4 ILO + Mo^OsCls 
This substance is insoluble in hydrochloric acid, but readily soluble in nitric acid. 
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Remark. — This method gives correct results, but is not so satisfactory as the 
preceding one on account of the time consumed in removing the tartaric acid. 

Analysis of Tungsten Bronzes 

The analysis of these alkali salts of complex tungsten acids, discovered by Wohler 
in 1824,"^ offered for a long time considerable difficulty on account of the fact that 
acids do not decompose them very readily. 

By fusion with alkalies in the air, or better still in the presence of potassium ni- 
trate, the tungsten bronzes can be converted mthout difficulty into normal alkali 
tungstate, and the tungsten determined by one of the methods already described. 
It is obvious that the alkalies cannot be determined in the same sample, so that 
Philipp t proceeded as follows: 

Treat the bronze with ammoniacal silver nitrate solution. The WO 2 is thereby 
oxidized to WO3 and an equivalent amount of silver is precipitated, but the whole 
of the tungsten remains in solution in the form of alkali and ammonium tungstates. 
In the filtrate obtained after filtering off the deposited silver, precipitate the tungstic 
acid by treatment with nitric acid and determine as WO3. After removing the 
excess of silver, by precipitating it as the chloride, evaporate the filtrate to dryness 
with the addition of sulfuric acid, and weigh the alkali as sulfate. 

Although the above method affords satisfactory results in the analysis of bronzes 
containing comparatively little tungsten, it is wholly inadequate in the case of bronzes 
rich in tungsten. The method of Brunner,! which follows, is applicable in all cases. 
It is based upon the fact that the bronzes can be transformed very easily, and with- 
out loss of alkali, into normal tungstates by heating with ammonium persulfate, or 
ammonium acid sulfate. 

Procedure. — Treat 0.5 g of the finely powdered bronze in a porcelain 
crucible with 2 g of alkali-free ammonium sulfate and 2 ml of concen- 
trated sulfuric acid,§ heating carefully over a small flame. During 
the heating frequently shake the contents of the crucible about a little 
by cautiously moving the crucible. The escape of gases from the cru- 
cible soon ceases and when sulfuric acid vapors begin to be evolved, the 
decomposition of the bronze results. 

With sodium and lithium bronzes, the fused mass appears greenish, 
whereas with a potassium bronze the color is yellowish white. After 
a part of the ammonium sulfate has been volatilized, allow the mass in 
the crucible to cool, add another gram of ammonium sulfate and 1 ml of 
concentrated sulfuric acid. Again heat the contents of the crucible as 
before until sulfuric acid fumes come off thickly; then allow the crucible 
to cool. 

* Pogg. Ann.^ 2, 350. 

t Ber., 16, 500 (1882). 

! Inaug. Dissert, Ziirich, 1903. 

§ If ammonium persulfate is used the addition of sulfuric acid is unnecessary. 
The only objection to the use of the persulfate lies in the fact that the commercial 
salt often contains some potassium persulfate. 
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Soften the greenish or yellowish white residue by treatment with 
water and rinsing into a porcelain dish. After adding 50 ml of concen- 
trated nitric acid, digest the contents of the evaporating dish on the 
water-bath for 3 or 4 hours, and then, after diluting with water, filter 
off the residue of pure yellow tungstic acid. 

To recover the small amount of tungstic acid remaining in the filtrate, 
evaporate as far as possible on the water-bath, allow to cool, dilute with 
a little water, carefully treat with an excess of ammonia, again evaporate 
on the water-bath, and treat as described on p. 279. 

Evaporate the final filtrate from the tungstic acid determination to 
dryness, expel ammonium salts by ignition and weigh the residue of 
alkali sulfate (cf. pp. 57 and 58). 

Separation of Tungsten from Tin* 

Mix 1 g of the finely powdered mineral in an iron crucible with 8 g 
of sodium peroxide, and carefully fuse the mixture over a Bunsen burner 
for about 15 minutes. After cooling, soften the melt with water and 
transfer into a 250-ml flask (if lead is present, conduct carbon dioxide 
into the solution for a few minutes), dilute the solution to the mark, 
mix well and filter through a dry filter, r(‘j(^cting the first few milliliters 
of the filtrate. 

For the determination^ of the tungdic acid, take 100 ml of the filtrate 
and proceed as described on p. 279. 

For the determination of the Utij use a second 100 ml of the original 
alkaline solution. Treat with 45 ml of c()nc(^ntrat/(Kl liydrochloric acid, 
to precipitate tungstic ujkI stannic acids. Add 2 or 3 g of pure zinc 
to change the tungstic acid to th(‘ l)lu(^ oxides a-nd nuluce the stannic 
acid to metallic tin. Allow the rnixt.un^ to stand quietly for an hour at 
a temperature between 50° and 60°. The tin tlnui gocis into solution as 
stannous chloride, and the greater part of t.he t^ungstcui rcunains imdis- 
solved in the form of the blue oxid(^ Eilt(u- off th(i lather, and wash. 
In this way the whole of the tin vshould ho obi-ained in an acid solution, 
in the presence of a small amount of tiingst(ai, which does no harm. 
Dissolve the blue oxide on the filter, how(w<‘r, in hot, dilutci ammonia 
solution to make sure that it contains no tra,ce of mcd^allic tin. If it 
does, dissolve the small particki of tin in a littki hydrochloric acid and 
add the resulting solution to the ma-iri solution of tJie tin. 

Now dilute the solution with wat(ir and prc^capitate the tin as stan- 
nous sulfide by introducing hydrog(m sulfides gas. Filt(ir off the precipi- 
tate, ignite in a porcelain crucible and weigh as SnOs (see p. 226). Or 

^ Cf. H. Augenot, Z. angew. CMm., 19, 140 (1900). 
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dissolve the moist precipitate of stannous sulfide in potassium hydroxide 
solution and determine tin by electrolysis (see p. 227). 

According to Donath and Muller* a mixture of stannic oxide and 
tungstic acid may be separated as follows: Ignite the mixture with 
powdered zinc for 15 minutes in a covered porcelain crucible. After 
cooling, heat the spongy mass in the crucible in a beaker with 4:N hy- 
drochloric acid (1:2) until evolution of hydrogen is no longer percep- 
tible. Allow the solution to cool somewhat and add powdered potas- 
sium chlorate little by little until the blue tungsten oxide is completely 
transformed to yellow tungstic acid, and the liquid no longer shows any 
blue tinge. Dilute with 1| times as much water, and after standing 24 
hours filter off the tungstic acid, washing the precipitate first with dilute 
nitric acid and then with 1 per .cent solution of ammonium nitrate. 
Dry, ignite, and weigh as WO3. Determine the tin in the filtrate as 
above. 

Separation of Tungstic Acid from Silica 

When a mixture of tungstic and silicic acid is at hand, such as is ob- 
tained by evaporation with nitric acid, the silicic acid may be removed 
by treating the ignited residue with hydrofluoric acid and a large excess 
of sulfuric acid. The separation does not succeed, however, in the mix- 
ture of oxides as obtained after precipitation with mercurous nitrate, 
for the silicic acid is so enveloped with tungstic acid that some of the 
former is not volatilized as fluoride. In such cases,' as Friedheimf has 
shown, excellent results may be obtained by the 

Method of PerillonX 

Place the mixture of ignited oxides in a platinum boat and heat to 
redness in a stream of dry hydrogen chloride. Thereby the tungsten is 
volatilized, probably as an acid chloride, which can be recovered in a 
receiver containing dilute hydrochloric acid; the silica remains behind 
in the combustion tube. 

Frequently the tungsten is reduced to a blue lower oxide, which is 
not volatile in a current of hydrochloric acid gas. In such cases, after 
the apparatus has been allowed to cool, replace the hydrogen chloride 
by air, and heat the contents of the boat in a current of air. Again allow 
the tube to cool, replace the air by hydrogen chloride, and once more 
heat the tube to redness. Repeat the process if necessary until finally a 

* Wiener Monatsh.f 8, 647 (1887). 

t Z. anorg. Chem.j 46, 398 (1905). 

t Bull soc, Vindustrie mmer.,' 1884. 
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residue of pure white Si 02 is obtained. Evaporate the tungstic acid 
hydrochloride in the receiver to dryness with nitric acid, filter off the 
precipitated WO 3 , ignite and weigh. Unless the current of hydrogen 
chloride gas is perfectly free from air, the platinum boat will be strongly 
attacked. 

Vanadium, V. At. Wt. 50.95 

Vanadium is determined as the pentoxido, V2O5. The most con- 
venient method for determining vanadium is a volumetric process, and 
will be discussed in the chapter on Volumetric Analysis. 

If vanadium is present as ammonium or mercurous vanadate, it can 
be easily changed to the pentoxidc by ignition; the latter is a reddish 
brown fusible substance which solidifies as a radiating, crystalline mass. 
If vanadic sulfide is carefully roasted in the air, it is also changed quan- 
titatively to the pentoxide. 

In the analysis of most minerals containing va-nadium, the vanadium 
is separated from the other metals present by fusing with a mixture of 
six parts sodium carbonate and one part potassium nitrate. After 
cooling, the melt is extracted with water, whcr(d)y tlui sodium vanadate 
goes into solution while most of the metals are loft behind in the form of 
oxides or carbonates. If phosphorus, arsenic (molybdenum, tungsten), 
and chromium are present, th(',s (3 (ihuruuits also dissolve on treating the 
melt with water in the form of the sodium salts of tlu^ corrcisponding 
acids. 

In practice, therefore, the vanadium is usually nu^t with as the sodium 
salt of vanadic acid, and it is a mai.icu* of s(‘.paratlng it from tlui aqinoiis 
solution obtained after fusing with sodium carbonates and potassium 
nitrate, and of separating it from the other acids which are likely to 
accompany it (phosphoric, arsenic, and chromic acids). 

Precipitation, of Vanadic Acid from the Solution of Sodium Vanadate 

There arc two good methods for the separation of vanadic acid from 
a solution of an alkali vanadate: the Rose mtjthod, according to which 
the vanadium is precipitated as mercurous va.nadate, and that of Roscoe, 
by which it is precipitated as h^ad vanadatti. Tlui B(u';5(‘lius-Iiauer 
method,* in which the vanadium is pn^cipitatod as ammonium meta- 
vanadate, was found by Holverscheidtt to giv(i low uisnlts, l)ut Gooch 
and Gilbert, t as well as E. Campagn(j,§ ol)taincd correct results by 

Pogg. Ann., 22, 54 and J. praU. Chem., 69, 388. 

t Dissertation, Berlin, 1890. 

t Z. anorg, Chem., 32, 175 (1902). 

§ Ber., 1903 , 3164, 



VANADIUM 


291 


working in an ammoniacal solution, which was saturated with ammo- 
nium chloride. 


1. The Mercurous Nitrate Method of Rose 

Nearly neutralize the alkaline solution with nitric acid and then add, 
drop by drop, a nearly neutral solution of mercurous nitrate* until, 
after the precipitate has settled, a further addition of the reagent causes 
no precipitation. Heat to boiling, allow the gray-colored precipitate to 
settle, filter and wash with water containing a few drops of mercurous 
nitrate solution. Ignite under a good hood, and weigh the residue of 
V2O5. 

Remark. — In neutralizing the alkaline solution of the vanadate with nitric acid, 
the solution must on no account be made acid, for then nitrous acid (from the 
nitrate fusion) will be set free and the nitrous acid reduces some of the vanadate to a 
vanadyl salt which is not precipitated by mercurous nitrate. In order to avoid 
passing over the neutral point, Hillebrand recommends fusing with a weighed amount 
of sodium carbonate and adding the amount of nitric acid that has been found neces- 
sary by a blank test to neutralize this. The method gives good results, but under 
these conditions chromate, molybdate, arsenate, tungstate and phosphate wiU be 
precipitated so that it is useful only in the absence of chromium, molybdenum, 
tungsten, etc. The same is true of the following method of Hoscoe. 

2. The Lead Acetate Method of Roscoe'\ 

Principle. — If a solution weakly acid with acetic acid is treated with lead acetate, 
orange-yellow lead vanadate is precipitated quantitatively. The lead vanadate, 
however, does not possess a constant composition, so that the amount of vanadium 
present cannot be determined by weighing the precipitate. After being washed, it 
is dissolved in as little nitric acid as possible, the lead precipitated as lead sulfate, 
and the vanadium determined in the filtrate by evaporating the latter, driving off 
the excess of sulfuric acid, and weighing the residual V2O5. 

Procedure. — Nearly neutralize the solution from the sodium car- 
bonate and potassium nitrate fusion with nitric acid as described in 
the previous method. Stir in it an excess of lead acetate solution; the 
voluminous precipitate will soon coagulate and settle to the bottom of 
the beaker leaving a perfectly clear supernatant liquid. The precipitate 
is at first orange-colored, but on standing it gradually becomes yellow 
and finally perfectly white. Filter and wash with water containing 
acetic acid until a little of the filtrate will leave no residue on evapora- 
tion. Wash the precipitate into a porcelain dish, dissolve the part re- 
maining on the filter in as little as possible of hot, dilute nitric acid, and 
add the solution to the main part of the precipitate, to which add enough 

* The mercurous nitrate should leave no residue on being heated strongly. 

t Ann. Chem. Pharm., Suppl., 8, 102 (1872). 
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nitric acid to dissolve it completely. Then add an excess of sulfuric acid 
evaporate on the water-bath as far as possible, and finally heat over a 
free flame until dense fumes of sulfuric acid are evolved. After cooling, 
add 50-100 ml of water, filter off the lead sulfate, and wash with dilute 
sulfuric acid until 1 ml of the filtrate will show no yellow color with 
hydrogen peroxide. The lead sulfate should be white and free from 
vanadium; it will be so provided enough sulfuric acid was used and the 
mass was not heated until absolutely dry before diluting with water. 
Evaporate the filtrate containing all the vanadic acid in a porcelain 
dish to a small volume, transfer to a weighed platinum crucible, evapo- 
rate further on the water-bath, and finally in an air-bath until all the 
sulfuric acid is removed. Ignite the contents of the open crucible for 
some time* at a faint-red heat and finally w(dgh as V 2 O 5 . 

Remark — Instead of decomposing the lead vanadate by men, ns of sulfuric acid, 
Holverscheidt recommends preci])itating the lead as sulfide by means of hydrogen 
sulfide and determining the vanadium in the filtrate. Eor this piiri)ose boil the blue- 
colored filtrate from the Iciid sulfide precipitate (whicli contains some vanadyl 
salt) to expel the ex(^css of hydrogen sulfide and filter off the deposited sulfur. Add 
a few drops of nitric acid, evaporate the solution to dryness, a-nd change the reddish 
yellow hydrate of vanadi(‘. acid by gentle ignition iid-o the ])ontoxido of vanadium. 

Lead may also be separa,te(I from the vana,di(r acid a,s lead (diloride. In this case 
the procedure recommended on p. 241 is followed. 

The separation of vanadium as the sulfide by acidifying a solid, ion of an alkali 
vanadate that has been treated with fin excess of fimmonium sulfidi^ is not admissible, 
for only a part of the va,nadium is i)recipi(,jite(l a,s the brown sulfide, the rest remain- 
ing in solution in the form of vfiuadyl Sfilt. If. Rose cjilled fiilxuition (,o the imicc.u- 
racy of this method, but this has not prevented its Ixung r(H;omm(MKle(l in some works 
on analyticfil chemistry. The jiuthor Inis cjarefully tesi,(ul the method find found it 
useless. 

Separation of Vanadium from Arsenic Acid 

Most minerals containing vanadium a, Iso coxitfiin a4*sonic, and after 
extracting the mdt, obtaiiUKl by fusion with sodium (uirbonatc and niter, 
with water, both (dements go into solution. For tluur sc^xaration, make 
the solution acid with dilut(3 sulfuric acid and ini^roduct^ sulfur dioxide 
into the hot liquid; the vfinadic a(;id is induced to vana-dyl salt and the 
arsenic to arsenious acid. Aftcn' boiling to remove', the (^xcioss of sulfur 
dioxide, saturate the solution with hydrogevn sulfich^ a,nd filter off the 
precipitate of arsenic trisulfid(^ Il(^mov(^ hydrogen sulfides from the 
filtrate by boiling, evaporates with nitric aedd to form vanadic acid again, 
make the solution alkaline with sodium carbonate, and determine the 
vanadium by one of the above methods. 

* On expelling the sulfuric, acid, there arc finally formed some green and brown 
crystals of a compound of vanadic acid with sulfuric fifud; these fire decomposed 
only at a faint-red heat. 
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Separation of Vanadium from Phosphoric Acid 

If the aqueous solution obtained after the soda-niter fusion contains 
phosphoric as well as vanadic acid, both are precipitated by mercurous 
nitrate. By igniting and weighing the washed precipitate the sum of 
the V2O5 + P2O5 is obtained. When P2O5 is present the V2O5 does not 
melt, but only sinters together. Fuse the ignited oxides with an equal 
weight of sodium carbonate, dissolve the melt in water, make the solu- 
tion acid with sulfuric acid and boil with sulfurous acid to reduce the 
vanadic acid to vanadyl sulfate; the latter will be recognized by the 
pure blue color which the solution assumes. Pass carbon dioxide into 
the boiling solution until the excess of sulfurous acid is removed, and 
then allow to cool. To the cold solution, now about 100 ml in vol- 
ume, add 200 ml of a 75 per cent solution of ammonium nitrate and 
50 ml of ammonium molybdate solution (cf. Remark, below). Heat 
the solution to about 60°, set aside and allow to stand for 1 hour. 
Decant the clear liquid through a filter, and wash three times by decan- 
tation with 50 ml of the proper wash liquid (see Phosphoric Acid). Dis- 
solve the precipitate by pouring 10 ml of 8 per cent ammonia through 
the filter into the beaker containing the bulk of the precipitate and finally 
wash the filter with 30 ml of water. To this solution add 20 ml of a 34 
per cent ammonium nitrate solution and 1 ml more of ammonium molyb- 
date, heat just to boiling, and reprecipitate the phosphoric acid by the 
addition of 20 ml of hot 25 per cent nitric acid. Determine the phos- 
phoric acid by the method of Woy (see Phosphoric Acid). Deduct the 
amount of P2O5 found from the sum of the oxides to get the weight of 
V2O5. 

Remark. — A. Gressly tested this method in the author’s laboratory and made 
the interesting observation that if about 0.15 g of V 2 O 5 was present with 0.1 g P 2 O 5 , 
no trace of the latter could be detected according to the procedure of Woy, not 
even on boiling the solution. On the other hand, an immediate precipitation was 
produced if a stronger solution of ammonium molybdate were used (75 g of am- 
monium molybdate dissolved in 500 ml of water) and this solution poured into 500 
ml of nitric acid, d. 1.2. 

The above-described separation gives correct results only when the vanadium is 
present as vanadyl sulfate; if vanadic acid is present it is precipitated with the 
phosphoric acid. If the solution is allowed to stand after the addition of the am- 
monium molybdate, the vanadyl sulfate is gradually oxidized to vanadic acid; the 
precipitate therefore should not be allowed to stand long before filtering.' y 

Separation of Vanadium from Molybdenum 

Precipitate the molybdenum as sulfide from sulfuric acid solution 
by the action of hydrogen sulfide under pressure as described on p. 274. 
Ignite and weigh as M0O3. 
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Boil off hydrogen sulfide from the filtrate and determine vanadium as 
described under the Separation of Vanadium from Arsenic Acid on p. 292. 

Determination of Vanadium and Chromium in Iron Ores and Rocks 

As vanadium often occurs in many ores of iron and in rocks, although 
in very small amounts, it is often of interest and of importance to be 
able to determine it in such cases. For this purpose, W. F. Hillebrand* * * § 
proceeds as follows: 

Fuse 5 g of the finely powdered mineral with 20 g sodium carbonate 
and 3 g potassium nitrate over the blast lamp. Extract the fused mass 
with water, add a few drops of alcohol to reduce the green manganite, 
and filter off the residue, f 

The aqueous solution contains sodium vanadate and often phosphate, 
chromate, molybdate, aluminatc, and considerable silicate as well. 
First of all, remove the aluminum and the greater; part of the silicic 
acid by nearly neutralizing the alkaline solution with nitric acid. J It 
is very important not to make the solution acid at this point on account 
of the reducing action of the nitrous acid set free from, the nitrite formed 
during the fusion. Evaporate the m^arly neutral solution to approxi- 
mate dryness, take up in water, and filt(U\§ 

Treat the cold alkaline solution with an almost neutral solution of 
mercurous nitrate until no furtiun* precipitation takes place. The some- 
what voluminous precipita.tc contains, besidc^s in(u*curous carbonate, 
also mercurous chromate, vanadate, inolylxhite, arsemate, and phos- 
phate, if the corresponding (demont-s are prcisent in tlui mineral. If the 
precipitate is too bulky, ca-utiously add a litth^ nitric a,cid, and then a 
drop of mercurous nitra.t(^ in order to s(h^ if pr(icif)it.aiion is complete. 

Heat the liquid to boiling, filter, wash tlK*! pn^nipitate with water con- 
taining ammonium nitrate, dry, and ignit(‘. in a platinum crucible at as 
low a temperature as possible. Fusc^ the ignitcid r(^sidue with a little 
sodium carbonate, extract the nudt with watcu' and, if yellow-colored, 
filter into a 25-ml flask and determine the amount of chromium colori- 

* U, B. GgoL Survey Bull, 700. 

t If considerable vanadium is present, tlio insoluble residue may contain vanadium 
and should be fused with soda and niter again. 

t Determine the amount of nitric acid iiocossa,ry to neutralize 20 g of sodium 
carbonate by a blank test. 

§ The residue of aluminum hydroxide and silicnc; acid rarely contains vanadium, 
but often does contain chromium. If it is desired to detcjrmino the chromium, 
evaporate the residue to dryiicss with hydrotluoric aTid sulfuric aends, fuse the dry 
mass with soda and niter again, and add the aqueous solution of the melt to the 
main solution. 
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metrically by comparing its color with a carefully prepared solution of 
potassium chromate. 

Then slightly acidify the solution with sulfuric acid, and precipitate 
the molybdenum, arsenic, and traces of platinum by hydrogen sulfide 
in a pressure-flask. Filter off the precipitated sulfides, carefully ignite 
the filter together with the precipitate in a porcelain crucible, add a 
few drops of sulfuric acid and heat the crucible again until the acid is 
almost completely removed. On cooling the mass is colored a beautiful 
blue if molybdenum is present. - 

Expel hydrogen sulfide from the filtrate by boiling and introducing 
carbon dioxide at a volume of not over 100 ml. Then titrate the hot 
solution to a pink color with 0.01 N potassium permanganate solution 
(cf. Volumetric Analysis). To obtain absolutely accurate results, re- 
duce the hot solution again with sulfur dioxide, expel the excess with 
carbon dioxide and repeat the titration. This result is usually a trifle 
lower and should be taken as correct. 

5 V202(S04)2 + 2 KMn04 + 22 H2O = 2 KHSO4 + 2 MnS04 + 

10 H3VO4 + 6H2SO4 

This method gives correct results only when the amount of chromium 
present is very small, which it usually is. 

If more than 5 mg of chromium is present a correction must be 
made, for a measurable amount of permanganate is used up in oxidizing 
the chromium. This is determined by taking a solution containing the 
same amount of chromate as the analyzed solution, reducing it with sul- 
furous acid, and titrating with permanganate. The amount of perman- 
ganate now used must be subtracted from the amount used in the analy- 
sis, and from the difference the amount of vanadium can be calculated. 

Determination of Vanadium and Molybdenum in Steel 

Modified Method of A. A, Blair* 

Dissolve 2 g of the steel in 50 ml GiV nitric acid, evaporate to dry- 
ness, and bake the residue to decompose nitrates. Take up with hydro- 
chloric acid and carry out the Rothe ether separation as described on 
p. 173. Practically all of the molybdenum will be dissolved in the 
ether, and all the chromium, vanadium, and nickel will be in the aqueous 
acid solution. 

To determine molybdenum, evaporate the ether solution nearly to 
dryness by carefulfy heating over warm water, away from any flame. 
Add 10 nil of sulfuric acid and again evaporate to remove hydrochloric 


J. Am^ Chem. Soc., 30, 1228, 
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acid. Cool, dilute with 100 ml of water and reduce the ferric salt by 
adding ammonium bisulfite. Boil off the excess of sulfurous acid, cool, 
transfer to a pressure-flask, saturate with hydrogen sulfide, and deter^ 
mine molybdenum as MoOa according to p. 274. 

Take the aqueous-acid extract from the ether separation for the 
determination of vanadium. Remove the dissolved ether by heating 
on the water-bath, add nitric acid in excess and evaporate to remove 
hydrochloric acid. When the solution is almost sirupy, add 20 ml of 
hot water and heat with a few drops of sulfurous acid to reduce any 
chromic acid that may have been fornuid, but ta,ko care not to reduce 
the vanadium. Boil and slowly pour the hot solution, while stirring, 
into an excess of a boiling 10 per c(mt solution of sodium hydroxide. 
One milliliter of the alkali will neutralizes about 0.4 ml of 6N nitric acid. 
Boil a few minutes, allow the procif)ita,t(^ i.o sottk^, filter and wash with 
hot water till fix^e from alkali. The precipitates contain hydroxides of 
iron, chromium, nickel, coppen*, manganese, (‘4c., and the filtrate contains 
sodium vanadate. To removes t-rac(\s of chromium, make acid with 
nitric acid, boil, and again neutralizes with hot caustic soda.. Make this 
last filtrate acid with ac(dic acid, lu^al. t.o boiling, and |)r(U‘Jj)it[ite the 
vanadium with hot load ac(ital.e solution. Filhu* off t.he yellow lead 
vanadate prcicipitatc', disvsolvci it in hoi, diluki hydrochloric acid and, 
if much lead is prescuit, eva,i)orat(‘ IIk^ solid, ion n(\*irly to drynciss, cover 
with alcohol, and filtm* off tlu^ h^ad chlorides. Mvapora-h^ off the alcohol 
and titrate the vamidium as in tlu^ ])re(UMling nu^tliod. 

Usually it is unneccissary to rcanovc' tlui l(^a,d. Eva,pora,to the hydro- 
chloric acid solution to dryiu^ss, a,(ld 50 ml of 12 N hydrochloric acid, 
and again evaporate lUiarly to dryiu^ss. Add 10 ml of comxmtrated 
sulfuric acid and (‘VJiporalx'. to fum(‘.s. (bol, diluh^ to 150 ml, heat to 
60° and titrate slowly with permanganal-ci. ()n(‘ milliliter of 0.1 iV per- 
mangana,te reacts with 0.00510 g of vanadium. 

Remark. — For thc^ rouLno jiijalyHis of vanadium in thc^ Aincri(;;in Society 
of Testing Materials has sanctioned the detenniiuition of va.nadiurn without removing 
chromium. In tiiis case, after the nanoval of the (ithtT in (li(‘ ^lhov(^ fmxxuluro, add 
25 ml of conc.entrated sulfuri(^ a<‘.id an<I (‘vai)orat.(‘ to furn<‘s. Cool; add 25 ml of 
water and a slight (sxecss of 2.5 n(‘r <‘ent {K^rmangs-nn,i(^ solution. Add 15 ml of 
concentrated hydrochloric aedd, a.gain (W'a.porat,(5 to funuw, cool, dilute to 150 ml, 
and titrate with permangaiuit,c at (10". 

Campagne* showed that good resuli-s <%au he o})(.;une<I ])y nulindiig the vanadium 
by evaporation with hydrochloric ain'd vvdicn ju>t mor(^ jJnin 0.1 g of vjinadium is 
present. The reduction with sulfurous a(ud, as in the i)re{;(;ding method, is safer. 


Co7npt rend., 137 , 570 (1903). 
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METALS OF GROUP I 

SILVER, LEAD, MERCUROUS MERCURY (AND THALLIUM) 

The determination of lead and mercury has already been considered; 
it remains only to discuss the determination of silver. 

Silver, Ag. At. Wt. 107.88 
Forms: AgCl and Ag 
Determination as Silver Chloride, AgCl 

Heat the solution, slightly acid with nitric acid, to boiling and pre- 
cipitate the silver by the addition of hydrochloric acid, drop by drop, 
until no more precipitate is formed. Allow the precipitate to settle in 
a dark place, filter through a Gooch crucible, and wash, first with water 
containing a little nitric acid until the chloride test can no longer be 
obtained and then twice with alcohol or water to remove the nitric acid. 
Dry the precipitate at 100® and finally at 130® till a constant weight 
is obtained. If it is not desired to use a Gooch crucible for this deter- 
mination, filter off the silver chloride upon an ordinary washed filter, 
wash as before and dry at 100®. Transfer as much of the precipitate 
as possible to a weighed porcelain crucible, burn the filter (as described 
on p. 32), and add the ash of the filter to the main portion of the pre- 
cipitate. Moisten with a little nitric acid and a drop or two of concen- 
trated hydrochloric acid, dry on the water-bath, and heat over a free 
flame until the silver chloride begins to melt. Weigh after cooling in a 
desiccator. 

Solubility of Silver Chloride* — One liter of water dissolves 0.00154 g AgCl at 20° 
and 0.0217 g at 100°. In water containing a little hydrochloric acid, the AgCl is 
less soluble than in pure water, but as the quantity of hydrochloric acid is increased, 
the solubility of AgCl rises rapidly. Thus 1 1 of 1 per cent HCl dissolves only 
0.0002 g AgCl at 21°, but 1 1 of 5 per cent HCl dissolves 0.0003 g, and 1 1 of 10 per 
cent HCl dissolves 0.0555 g AgCl. By melting the silver chloride there is always 
loss by volatilization. 

Determination as Metal, Ag 

Metallic silver is obtained by the ignition of silver oxide, carbonate, 
cyanide, or the salt of an organic acid. In the latter case, the substance 
must be heated very cautiously at first in a covered crucible. When 
the organic substance is completely charred, remove the cover from the 
crucible and heat until the carbon is completely burned; then weigh the 
crucible. 

* G. S. Whitby, Z. anorg. Chem.j 67, 108 (1910). 
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From the chloride, bromide (but not the iodide), and sulfide, the metal 
can be obtained by igniting in a current of hydrogen. The reduction 
of the chloride, bromide, and iodide can be effected very conveniently 
by passing the electric current through the substance after it has been 
melted together. Place the porcelain crucible containing the silver 
halide in a crystallizing dish and near it place a second crucible contain- 
ing a little mercury and a small piece of zinc. Upon the silver salt place 
a small disk of platinum foil, fastened to a platinum wire which dips into 
the mercury in the other crucible. Fill the crystallizing dish with 1.5 N 
sulfuric acid so that the crucible is (mtirely covercid with the acid and 
allow to stand over night. N(^xt morning all the silver salt will be 
found to be reduced. Ptomove the crucibh^ from th(^ acid, wash with 
water, dry, ignite, and weigh. By this simple', mc'thod, IC. Lagutt ob- 
tained excellent results. If the silvcu* hahd(^ has not bec'ti fused to a 
compact mass, small particles of tlui silvea* precij)ita,te are likely to float 
around during the operation, and escapes reduction. 

Separation of Silver from Other Metals 

As almost all metal chlorides* are sohibhi in dilute hydrochloric acid, 
silver is usually separated from the other nud-als by the addition of hy- 
drochloric acid to tlie solution. If th(> solution contains nuu*curous salts 
these are oxidized before the addition of the hydrochloric} acid by boiling 
with nitric acid. 

For the separation of silveu’ from gold a-nd i)latinum in alloys con- 
sult pp. 250, 255, and 261. 

Electrolytic Determination of Silver 

Silver may be depositcnl from nitric aedd solutions, from ammoniacal 
solutions, and from p()ta,ssium cyanide solution. 

From nitric acid solution, the (h^edrolysis siK^cc^eds under the fol- 
lowing conditions: 0.5 g of silver in 150 ml of 0.1 A nitric acid electro- 
lyzed at 55-60'^ with tlui voltage kcipt h(}tw(i(.in l.Jh5 ajid 1.38 volts. 
Add 5 ml of alcohol to the bath to prcivcmt thci formalion of peroxide 
at the anode. From 6 to 8 hours iim n^cjuircMl to preca'pitate the last 
traces of silver. Wash the electrode without ird.c^rruplhig the current, 
and dry at 100°. 

* Tliallous chloride is difficultly soluble in water. If ihalliurn in prcBcnt pre- 
cipitate the silver from a nitrate solution by ineans of ILH, ignite; in a stream of 
hydrogen, and weigh as metal. To determine the thallium, evaporate the filtrate 
to dryness, dissolve the residue in a little water, and pre(‘ipitai.(i the thallium by the 
addition of potassium iodide. Wash the thallous iodide precupitate with dilute 
potassium iodide solution, then with akjohol, dry at 150"^, and weigh as TIL 
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Determination of Silver in Alloys with Baser Metals by Dry Assay 

The cupeUation of a silver alloy is carried out in much the same way 
as discussed under the Determination of Gold. Use 0.5 g of the alloy 
and first determine the approximate silver content by a trial assay. 
Cupel with 5 g of lead, and weigh the resulting button as described on 
p. 252. If the silver is 50 per cent or less, use 8 g of lead for the final 
assay. For each per cent of increase in silver content, use 0.1 g less of 
lead until the content corresponds to 80 per cent silver. Then decrease 
the weight of lead more rapidly with increase in the silver content, 
using 3.5 g of lead for a 90 per cent alloy, 2.3 g of lead for a 93.5 per 
cent alloy, 1.75 g of lead for a 95 per cent alloy, and only 0.6 g of lead 
for nearly pure silver. Unless care is taken to adjust the lead carefully 
to the silver content, the loss of silver during cupellation is likely to be 
serious. 

For the final assay, cupel 0.5 g of the alloy with the suitable quantity 
of lead and weigh the button. Correct for loss of silver by volatiliza- 
tion and absorption by the cupel, by cupelling in the same way and at 
the same time the corresponding quantities of pure silver and copper. 
Without this correction, the results are usually 0.4-1. 1 per cent too low. 



GRAVIMETRIC DETERMINATION OF THE ACID 
CONSTITUENTS (ANIONS) 

GROUP I 

HYDROCHLOEIC, HYDROBROMIC, HYDRIODIC, HYDROCYANIC, 

FERROCYANIC, FFRRICYANIC, THIOCVANIC, 

AND HYPOCIILOROUH ACIDS 

HYDROCHLORIC ACID, HCl. Mol. Wt. 36.46 
Form: Silver Chloride, AgCl 

A. The chlorine i.s proscjnt in nolntion (ulher a.s fnu? hydrochloric acid 
or as a chloride soluble in water. 

B. It is present in the fortn of an insoluble chloride. 

A. The Chloride is Present in Aqueous Solution 

If only nuitals of the; alkali or alkalitUHiarth groups are present, make 
the cold solution slightly acid wi(.h nil.ric a,cid, a.n<l slowly add silver 
nitrate with constant stirring unlil tin; pixicapitatc coagiilatcjs and fu]j- 
ther addition of the; re;ig(!nt ]>rodu(!(is no more prcicipitation. Now 
heat the liquid to Iwiling, allow the i)re(ui)itat(! l,o settle in the dark, 
filter through a Gooch crucil)le, and tnat tlui Ag( 11 pnudpitato exactly 
as described in the determination of silver, p. 297. 

If the aqueous solution ooutaiuH a chloride of a heavy metal, it m not always 
possible to follow the above protaidurci. If, for example, HuhstaneoH are present 
which on boiling are changed to insoluble basic salts, it is evident that t.hc precipitate 
of silver chloride would be contaminated with these subsianccH and too high results 
would be obtained. This is |)ariieularly true of stannic and ferritt satis. Ferrous 
salts, on the other hand, if only little niirie imd is pnhsent, reduce silver nitrate to 
metallic silver on heating tlic solution; if enough nitric acid is ))reseut to jircvcnt 
the reduc-tion to silver, the danger of forming ba-sic salts still remains. 1 n such cases 
the precipitation is effected as before from a cold solution and the Hubsciiucnt heating 
is omitted. 

Invariably, however, it is better first to rornovii the hea,vy uw.Uxl by preiupitation 
with ammonia, caustic soda, or sodium carlionate. 

Exanvple: Analym of Conmierml Tin Cfilmde 

Tin chloride is obtained either as a solid suit corresponding to the 
formula SnCU + 5 H 2 O, or as a concemtrated aqueous solution. As 
both the solid salt and its concentrated solution are very hygroscopic, 

300 
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it is necessary to weigh out the portion for analysis from a stoppered 
vessel. It is best to proceed as follows: 

Place a large sample of the substance (about 10 g) in a tared weighing 
beaker, stopper, and weigh. Dissolve in about 10 ml of water, shaking 
until a homogeneous sirup is obtained. Again weigh the beaker and its 
contents. Weigh 4 more weighing beakers, and in each place about 
2 ml of the sirup. Quickly stopper each beaker and weigh. 

Determination of Tin. — Wash the contents of one of the weighing 
beakers into a 400-500 ml beaker, dilute to about 300 ml, and add a 
few drops of methyl orange indicator solution, whereby the liquid is 
colored red. Add ammonium hydroxide solution (free from chloride) 
until the color of the solution is changed to yellow (an excess of ammonia 
must be carefully avoided for tin hydroxide is somewhat soluble in am- 
monia). To the neutral solution add 10 ml of 3 A ammonium nitrate 
solution, boil 1 or 2 minutes, filter, wash with water containing am- 
monium nitrate, and weigh as Sn 02 . 

Determination of Chlorine. — Make the filtrate from the tin hydroxide 
precipitate acid with nitric acid, and precipitate in the cold with silver 
nitrate. Then heat the solution to boiling and, after the precipitate 
has settled, filter through a Gooch crucible, wash with cold water 
containing a little nitric acid, then with cold water or alcohol, dry at 
130° C, and weigh. 

iThe amount of tin and chlorine present is computed as follows: Let 
A — weight of the original solid salt, B — weight of the solid salt mixed 
with a little water; a — weight of the concentrated solution taken for 
analysis; p — weight of Sn 02 obtained; and q = weight of silver 
chloride. 


Then 

and 


Sn X y X P X 100 
SnOs XaX A 


= per cent Sn 


Cl X g X P X 100 
AgCl X a X A 


= per cent 


This analysis may be accomplished much more rapidly by a volumetric 
process. (Consult Volumetric Analysis.) 

If antimony or stannous compounds are present, the above procedure 
cannot be used. It has been proposed to add tartaric acid to the solu- 
tion, then dilute with water and precipitate the chlorine with silver 
nitrate. It is better, however, to proceed as follows: Precipitate the 
antimony by hydrogen sulfide, remove the excess of the latter by passing 
carbon dioxide through the solution, filter and wash the precipitate with 
hot water. Make the filtrate slightly ammoniacal, add a little hydrogen 
peroxide or potassium percarbonate (both reagents must be free from 
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chloride) and boil the solution until the excess of the peroxide is de- 
stroyed. By this treatment traces of hydrogen sulfide remaining in the 
solution are oxidized to sulfuric acid. After cooling, make acid with 
nitric acid, and determine the chlorine as described above. 

According to this method, chlorine may be dcterTniucd in the presence of large 
amounts of hydrogen sulfide without diirntulty. 

It is less practical to proceed as follows: Add an excess of ammonium hydroxide 
to the filtrate from tlic antimony sullidc and ])rccipit;d-e ihc exciess hydrogen sulfide 
by adding ammoniacal silver nitrate solution. Miter off the deposited silver sulfide 
wash with ammonia, and i)rccipii,ato the silver ddorido from the filtrate by acidifying 
with nitric acid and adding more silver nitrate if necessary. 


B. Analysis of an Insoluble Chloride 

Boil the substance with sodium ca-rbouate solution* (free from 
chloride), and determine the chlorines in ilui fiK-rate as described above. 

Some chlorides, e.f/., silvc'.r chloride', many mimwals such as apatite,! 
sodalite, and rocks cord.aining tluan avo liot decomposed by boiling 
with sodium carbonahi. Such sul;stia.nces musi; b(^ fimd with sodium 
carbonate. 

Mix silver chloride witli threes i-inu's a.s nuudl sodium carbonate and 
heat in a porcelain enuabk^ until mass ha-s sintea'od together. Ex- 
tract with water, filhir off tJic insoluhk^ silver, a,n(l (kd.evrmine the chlorine 
in the filtrate as uiuku- (a). 

For the determination of chloriiu^ in rocks, fuse 1 g of the finely 
powdered mateaitil witli four or five^ timers a.s much sodium carbonate 
(or with a mixtures of cqiuil pa.rts sodium a-nd pot-a-ssium carbonates) 
at first over a Bunsem hurnevr, atteu’wa-rd oven* a Mekeyr burner or the 
blast lamp. Extra, ct the mc'lt witli liot wa,t(a*. Aftier cooling, add 
methyl orange indicaitor solution, a-c.idify with nitric acid, and allow to 
stand over night. If silicic a(;id has jinaripii-at.cHl out by the ruixt morn- 
ing, add a little a,minonia,, boil tlui solid, ion, filka*, amd wa,sli with hot 
water. Add a little nii,ric acid t.o tlu^ cold fili,ra,t,e an<l (kdermine the 
chlorine as aliovci. 

If there is no separation of silicic a,(U(l on a-cidifying tlie water ex- 

* MercurouB diluridc is doc-ompoHcd only nlowly by Hodium ca-rbonate solution, 
but readily acted upon by pot-asHiurn or sodium hydroxidci. 

t According to Jannasc^h, (ihloriiie in ui>atitc may be (hiterminod by treating the 
finely powdered minora,! with nitric^ acid and silver nitrate on the wat-(jr4)ai,h. Every- 
thing goes into solution with the exception of silver tddoride, which is filtered off 
and weighed. (This does not apply to a sarnphi of apatite contaminated with silica 
or silicates.) 
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traction of the fusion with nitric acid,* precipitate the chlorine at 
once from the cold solution. 


Free Chlorine 

If it is desired to determine gravimetiically the amount of chlorine 
in a sample of chlorine water, it is not feasible simply to add silver 
nitrate, for not aU the chlorine is precipitated as silver chloride; a 
part of it remains in solution as soluble chloric acid: 

3 CI 2 + 3 H 2 O + 5 AgNOs - 5 AgCl + HCIO 3 + 5 HNOs 

The chlorine, therefore, must be changed to hydrochloric acid or to 
one of its salts before attempting to precipitate with silver nitrate. 
This may be accomplished in several ways: 

1. Transfer a definite amount of the chlorine water by means of a 
pipet to a flask containing ammonia water and after mixing heat the 
solution to boiling. After cooling, acidify with nitric acid and pre- 
cipitate with silver nitrate. The ammonia converts the chlorine to 
ammonium chloride: 

8 NH 4 OH + 3 CI 2 = 6 NH 4 CI + N 2 + 8 H 2 O 

2. Treat the chlorine water with an excess of sulfurous acid, make the 
solution ammoniacal, add hydrogen peroxide, and boil the liquid until 
the excess of hydrogen peroxide is removed. Cool, acidify with nitric 
acid, dilute with water, and precipitate the chlorine by means of silver 
nitrate. 

3. Treat the chlorine water with dilute sodium hydroxide solution, 
and add an aqueous solution of sodium arsenite (arsenic trioxide dis- 
solved in sodium carbonate) until a drop of the liquid will not turn a piece 
of iodo-starch paper blue. Then make acid with nitric acid and precipi- 
tate the chlorine by a soluble silver salt. 

If the solution contains both free chlorine and hydrochloric acid 
determine the total chlorine by one of the above methods, and the free 
chlorine in a separate sample by a volumetric process (see lodometry). 

Determination of Chlorine in Non-electrolytes (Organic Compounds) 

A. Method of Carmsf 

Principle. — The method is based upon the fact that all organic compounds are 
decomposed by heating with concentrated nitric acid at a high temperature under 
pressure. If the substance contains halogen, suHur, phosphorus, or arsenic, it is 

* According to W. F. Hillebrand, no separation of silicic acid is to be feared from 
1 g of the substance. 

t Ann. Chem. Pharm., 136, 129 (1865) and Z. anal. Chem.j 4, 451 (1865). 
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first set free as such, but on account of the reducing action of the nitrous acid formed 
it is then changed over into its hydrogen compound. Ttie latter, however, is partly 
oxidized by the nitric acid. The reaction is therefore a reversible one. If, on the 
other hand, the substance is heated under the same c-onclitions with nitric acid in 
the presence of silver nitrate, the halogen hydride is converted into silver halide as 
fast as it is formed and the halogen is in this case quantitatively changed into its 
silver salt. Sulfur, phosphorus, and arsenic! arc oxidized in the same way to sulfuric, 
phosphoric, and arsenic acids and any metals present form nitrates. 

Procedure for the Halogen Deter mdnation 

Take a tube made of difficultly fusible glass about 50 cm long, 2 cm 
in diameter, with walls about 2 mm thick. Scjai one end, clean thor- 
oughly, and dry by sucking air tlirough it. 

Transfer about 0.5 g of powdered silver nitrate (of substances rich 
in halogen as much as 1 g may ho us(k 1) to tho tube by pouring the 
powder through a cylinder made by rolling up a piece of glazed paper 
and shoving the paper into the tiib(i until.it reaches about the middle of 
it. Pour into the tube through a funnel whose stem is about 40 cm 
long, 2-5 ml. of pure nitric acid (rf. 1.5) free from 
chlorine. In this way only iho lower half of the 
tube is w(‘t with the acid. Incline the tube to one 
side and introduces a small glass tubes, closed at one 
end and containing froiti 0.15 to 0.2 g of the sub- 
stances (this srnallesr tubes should be about 5 cm long 

I and 5 mns wides). As se)on a,s thes tube containing 
the substa.nces has restieshesel thes acid, it resmains sus- 
pondesd (Fig. 02, a). It is vesry imisortant that the 
sul)staTice she)uld ne>t e;e)mes in coertact with the acid 
beFe)res the tube is cle)sesel at thes uj)per end, as 
othesrwise there is likeslihooel of some halogen 
csesaping. 

Now hemt the upper esnd of the tube very 
, cautiously in thes flame of tho Isbist lamp until the 
tube besgins to soften anel ihiekesn (Fig 62, h). 
Then draw out into a thick-walled caisillary 3-5 cm 
long, and fuse the enel togesthesr (Fig. 02, c). 

After the tube has bescesme cold, esnveslesp it in asbesstos p^lper, care- 
fully shove it into the iron mantle e)f a “ boinb furnace, and gradually 
heat. Aliphatic substancess are usually decomposed by heating 4 hours 
at 150-200®; substancess of the aromatic series usually reeiuirc from 
8-10 hours’ heating a,t 250-300®, and for somes substances an esvesn longer 
heating at a higher temperature is necessary. The time and tempera- 
ture must be found out for each substance by experiment. The de- 



a b 
Fig. 62 . 
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composition is complete when on cooling the contents of the tube 
neither crystals nor drops of oil are to be recognized.* Regulate the 
heating so that after 3 hours the tepaperature of about 200° is reached, 
after 3 hours more 250-270°, and finally after another 3 hours a tem- 
perature of about 300° is attained, f After the heating is finished, 
allow the tube to cool completely in the furnace, remove the iron mantle 
together with the tube, and by slightly inclining the mantle bring 
the capillary of the tube out into the open air. Usually a drop of 
liquid will be found in the point of the capillary. In order not to lose 
this, carefully heat the outer point with a free flame, and by this means 
drive back the liquid into the other part of the tube. Now heat the 
point of the capillary more strongly J until the glass softens, and a hole 
is blown in the soft glass as a result of the pressure within the tube. 
The gas escapes with a hissing sound. When the contents of the tube 
are at the atmospheric pressure, make a scratch upon it with a file just 
below the capillary, and touch this with a hot glass rod, whereby the 
tube usually breaks and the upper part can be removed. Then care- 
fully pour out the contents of the tube into a fairly large beaker, with- 
out breaking the little tube into which the substance was weighed, 
and wash out the inner part of the tube as well as its capillary with water. 
Dilute the liquid in the beaker to about 300 ml and heat to boiling. 
After cooling, filter off the insoluble silver halide through a Gooch cru- 
cible and weigh after washing and drying at 130°. 

If it is thought that the precipitate is contaminated by fragments of 
broken glass, as is often the case even with careful work, decant the clear 
liquid through a filter, wash the residue by decantation with very dilute 
nitric acid to the disappearance of the silver reaction, and dissolve the 
residue (except when it is silver iodide) in warm ammonia water. Filter 
the solution through the same filter, but collect the filtrate this time in a 
fresh beaker. After washing the filter with dilute ammonia, acidify 
the filtrate with nitric acid, heat to boiling, and after allowing the silver 
chloride or bromide to settle in the dark, filter through a Gooch crucible, 
dry at 130°, and weigh. 

In the case vof silver iodide, it cannpt be dissolved in ammonia and 

* Sometimes^ wilsh substances rich in sulfur, crystals of nitrosyl sulfuric acid are 
formed and adhere to the sides of the tube. They are easily distinguished from 
crystals of the undecomposed substance. 

t Such a high pressure is often attained that the tube bursts as soon as it is heated 
very hot. In such cases heat to only 200®, allow to cool, open the capillary, and 
release the pressure. Then fuse 'together again and heat to the desired temperature. 

t Before heating, the tube and the hand should be wrapped in a towel to avoid 
accidents. 
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in this way separated from splinters of glass. Therefore, filter off the 
precipitate, together with the glass, through an ordinary washed filter 
(not a Gooch crucible), wash with dilute nitric acid, then once with al- 
cohol in order to remove the nitric acid, and dry at 100°. Transfer 
as much of the precipitate as possible to a watch glass, burn the filter, 
and drop the ash into a weighed porcelain crucible. Add a little dilute 
nitric acid (to change any reduced silver into the nitrate), evaporate off 
the liquid on the water-bath, add a few drops of water and a drop of 
pure hydriodic acid, and again evapoj-ate tlu^ contcuits of the crucible to 
dryness. Now add the main part of the prcicipitate, luiat until it begins 
to fuse, and weigh. Cover the mass in th(i ciaicible with pure dilute 
sulfuric acid, add a piece of chemically pure zinc, and a, How the crucible 
to stand over night. After this time tlu^ silvcu' iodide will be com- 
pletely reduced to metallic silver. Ihunove the zinc, and wash the 
residue by decanting several times with watcir until the iodide re- 
action can no longer be detc^ctcd. Warm the rc^sidue with dilute nitric 
acid upon the water-bath, in order to dissolve tlui silvcir, filter the solu- 
tion through a small filtc^r. Wash tlic filtcu' with wai,(U' and dry; ignite 
it in a crucible and weigh the residue (thci gla-ss). This second weight 
deducted from the former gives the amount of silvcu* iodides present. 

This method is also suitable^ for obtaining letid and mercury from 
organic coinpouiuLs in a form which can bo precipitated by hydrogen 
sulfide. 

The method of Carius is by far tlui bt^sl. for (hc^ d(^t(‘nnination of 
halogens in organic substances wlum only oru^ of tlu^ halogxius is present. 
If two or three of them arc pniscud, ni, tlu' sanui time, tlui linui method ” 
is to be preferred. 

B. The lAnie Method 

Into a glass tube machi of difficultly fusible glass (about 40 cm long, 
1 cm wide, and closed at oiui end), int-roducci a laycu* of lirruj (free from 
chloride) from 5 to G cm long, them about 0.5 g of substance, and finally 
5 cm more of lime. Mix the substance thoroughly witli tlie lime by 
means of a copper wire wound into a sj)iral. Ni^arly fill tlio tube with 
lime, place on its sid(^, and gently tap, so that a small canal is formed 
above the lime. Place the tulxi in a small (annbustion furnace (cf. 
Carbon) and heat. First heat the front (md of t-he tubc^, free from sub- 
stance, to a dull redncvss, then the bacsk caul, and aftcawards light the 
other burners, one after another, until finally tlui whole tube is at a 
dull red heat. After cooling, transfeu' the contents of the tube to a 
large beaker and dissolve the lime in dilutee nit»ric acid fn^e from chlorine. 
Filter off the carbon, and precipitate the halogen with silver nitrate. 
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If the lime contains calcium sulfate, this is reduced to sulfide, so that 
some silver sulfide is likely to be precipitated with the silver halide. 
In this case treat the solution with hydrogen peroxide (free from halo- 
gen) before enough nitric acid has been added to make the solution acid, 
boil the liquid to remove the excess of the reagent, then acidify, filter, 
and precipitate with silver nitrate.* In the analysis of substances rich 
in nitrogen, it is possible that some soluble calcium cyanide wiU be 
formed. In this case care must be taken that the silver precipitate 
contains no silver cyanide (cf. Separation of Cyanogen from Chlorine- 
Bromine, and Iodine, p. 314). 

C. The Sodium Peroxide Method 

Heat 0.2-0.3 g of the substance with a mixture of 10 g of powdered 
potassium hydroxide and 5 g of sodium peroxide in a nickel or iron cru- 
cible. Heat first in the hot closet at 85°. After some time remove the 
crucible from the closet and heat .©ver a small flame, gradually raising 
the temperature until the flux is melted. Cool, extract the melt with 
water, filter, and determine the halogen as silver salt after adding nitric 
acid. 

Remark. — For an excellent volumetric method for determining chlorine see the 
Volhard method. 

Hydrobromic Acid, HBr. MoL Wt 80.92 
Form: Silver Bromide, AgBr 

Hydrobromic acid is determined exactly the same as hydrochloric 
acid. This is also true of the determination of free bromine and of bro- 
mine in non-electrolytes. 

Hydriodic Acid, HI. Mol. wt. 127.93 
Forms: Silver Iodide, Agl, and Palladous Iodide, Pdl 2 

(a) Determination as Silver Iodide 

The determination of hydriodic acid is carried out in exactly the same 
way as the analysis of hydrochloric acid. If it is desired to filter the 
silver iodide through an ordinary washed filter instead of through a 
Gooch crucible, the procedure described on p. 297 is used, converting 
the reduced metal to iodide by dissolving in nitric acid and adding hy- 

* W. Blitz (Chem. Ztg.^ 1903, Rep. 142) separates the halides from sulfide by 
treating the precipitated silver salts with an ammoniacal sodium thiosulfate solution, 
whereby the silver halide goes into solution, from which the silver is precipitated as 
silver sulfide, by adding ammonium sulfide, and determined as silver. 
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driodic acid. If there is no hydriodic acid at one’s disposal, place the 
main portion of the precipitate in a weighed porcelain crucible and heat 
until it begins to melt and then weigh. Place the filter ash in another 
crucible, and treat with nitric and hydrochloric acids, whereby the silver 
and any unreduced iodide are changed to silver chloride. Weigh the 
silver chloride and add the ciquiva.l(^iit amount of silver iodide to the 
weight of the main part of the prcicipitate. 

(b) Determination UmS‘ Palladous Iodide 

This important method for the sc^paration of iodine from bromine 
and chlorine is carried out as follows: 

Make the solution acid with hydrochloric acid, and add palladous 
chloride solution until no morci pr(^cif)il,at(‘ is formed. Aftm* standing 
one or two days in a warm place, fihnr off thci brownish black precipi- 
tate of palladous iodide tlirough a Gooch crucible, or through a tared 
filter that has been dried at 100®, wash witii warm water, dry at 100° 
and weigh as Pdl 2 . 

According to Hose, the Pdio may be changed to palladium by igniting 
in a current of hydrogen, and from iho w(nght of ihe palladium the 
amount of iodine calcula-ted. 


SEPARATION OF THE HALOGENS FROM ONE ANOTHER 
1. Separation of Iodine from Chlorine 

(a) The Palladom Iodide Method 

Determine the iodine as palladous iodides, and in a se(^ond sample 
determine the sum of the chlorines and iodiiui from ilui weight of their 
insoluble silver salts. 


(6) M e.thod o f G ooch 

This method depeiidH ujjon the fact that, in a dilute a,c{d solution of the three 
halides, nitrous acid rea,ci,s only wii.h the iodide: 

2 KI + 2 KNO 2 H- 4 IbSO^ == 4 KirSO,! -f 2 NO -f 2 IL/) ~}~ Ts 

Iodine is liberated and escapes from the solution on boiling. In one sample, there- 
fore, precipitate the halogcuis together in tlu^ form of tlieir silver salts, in a second 
sample determine the amount of the chlorine after settling free t,he iodine by means 
of nitrous acid, and determine the amount of iodine by dilTereinie. In order to 
obtain correct results by this rnetlnxl, the solution must lx; very dilute when it is 
boiled to expel the iodine; otherwise some cldorine escapes. 

Procedure. Dissolve 0.5 g of the halide mixture in 600 ml of water 
in a liter flask, treat with 2-“3 ml of dilute sulfuric acid, add 0.5-1 g 
of solid potassium nitrite (free from halogen), and boil the solution until 
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entirely colorless; usually this is accomplished in about three-quarters 
of an hour. Then add silver nitrate solution, and allow the resulting 
precipitate to settle. Filter through a Gooch crucible, and weigh. 

(c) Method of Jannasch"^ 

Jannasch proceeds in exactly the same way as Gooch, but instead of letting the 
iodine escape, he collects in it an aqueous solution of sodium hydroxide and hy- 
drogen peroxide, whereby it is transformed to sodium iodide and can be subsequently 
determined as silver iodide. In the other solution the chlorine is determined in the 
usual way. 

Procedure. — Place the solution containing 0.5 g of the two halides 
in a 1|“1 round-bottomed flask and dilute to a volume of 600-700 ml. 
Like a wash-bottle, provide this flask with one glass tube reaching to 
the bottom, through which vapor can be conducted into the flask, 
and with another shorter tube for the escape of gas. Connect this sec- 
ond tube with an Erlenmeyer flask for a receiver, and this in turn with 
a Peligot tube. Place about 50 ml of pure 5 per cent sodium hydroxide 
solution in the Erlenmeyer flask, add an equal volume of hydrogen per- 
oxide free from chlorine, and cool the mixture by surrounding the flask 
with ice or snow. Likewise fill the Peligot tube with a suitable amount 
of caustic soda and hydrogen peroxide. Now add from 5 to 10 ml of 6 N 
sulfuric acid and 10 ml of 10 per cent sodium nitrite solution to the 
solution containing the halides. Immediately close the flask, and heat 
the contents over a free flame while at the same time conducting steam 
into it. As soon as the liquid begins to boil, the space above is filled 
with violet vapors of iodine, which are gradually driven over into the 
Erlenmeyer flask, where, with evolution of oxygen, they are completely 
absorbed by the hydrogen peroxide solution. The iodine is changed 
into sodium iodide and sodium hypoiodite by means of the dilute alkali: 
I 2 4- 2 NaOH = Nal -f NalO + H 2 O 

The sodium hypoiodite, however, is reduced by the hydrogen peroxide 
to sodium iodide : 

NalO + H 2 O 2 = H 2 O + O 2 + Nal 

When all the iodine is driven over into the receiver (which is always 
the case after the solution in the flask has become colorless and has 
been boiled for 20 minutes longer), remove the delivery-tube between 
the distilling-flask and the Erlenmeyer flask, wash the liquid within 
with hot water into the Erlenmeyer, and stop the current of steam. 
Add the contents of the Peligot tube to the Erlenmeyer flask and heat 

* Z. anorg. Chem. I, 144, and PraU, Lett, der Gemchtsanalyse. 
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the solution to boiling to remove the excess of hydrogen peroxide. After 
cooling, make the liquid acid with a little sulfuric acid; this always 
causes a yellow coloration duo to fn^o iocliiu^"^ Tix^at the solution, there- 
fore, with a few drops of sulfurous acid, to (kicolorizc it. Add an excess 
of silver nitrate and a little nitric acid, boil the liquid, and filter the 
silver iodide into a Gooch crucibk^. Dry at 130° and weigh. 

For the chlorine determination, transfer- iho contents of the distilling- 
flask to a beaker and dcdxinnim^ the cldorine as silver chloride. 


Determination of the Halogens by Indirect Analysis 

2. Determination of Bromine together with Chlorine 

Principle. — In this method tl)(^ .sum of the wcMf^iits of the silver s.'ilis of the two 
ha,]ogen.s i.s first determined ;i.nd afterwnrd.s (,h(‘ silver bromide i.y converted to silver 
chloride by heatin^ij in a current of chlorine. 


Procedure. — d'o the neutral .solution containing about 0,5 g of 
halides add a little nitric acid (fnu^ from chlorinci) and precipitate in 
the cold by tiui addition of a slight cixcttss of silv(a’ nitrate. Heat 
the liquid to boiling, with fr(K|U(ait stirring, cool a.fter the precipitate 
has coagulated, and filter off i.lu^ precipita,t(^ int<o a. ir>-cm long-asbestos 
filter tulxi rruuh^ of difficultly fusibh^ gla,ss. Dry th(‘ preuipitate at 150° 
and weigh aftca* cooling. 

For the trausforniafJon of th(^ bromick^ irdiO chlorides, .shove the 
asbestos forwa,rd a. litik^ in tlui tulx^ by nuums of a. ghiss rod (in order 
that the gas may ptiss through it mon^. n^adily), fast(m tiie tube in a 
slightly incliiuHl jjosiiion, and pa.ss a curnml. of dry cldorine gas through 
it. At the sarnc^ tinu^ ca-utiously lu'aX Uw, tub(^ by moving a small 
flame back and forth. During th(^ first haJf hour th(^ i^nxipitato should 
not be heated hoi, (mough to mcdl, it; fina.lly, how(W(^r, rai.s(i the tem- 
perature until it begins to rmdt, a.ft(ir which n^phujc thc^ cldorine by air, 
cool, and again weigh. 

If p represents the weight of silve^r chloride and bromides first ob- 
tained, g the weight afteu* iiie^ [)re‘(ipitai,e^ ha.s bexai compled,eiy changed 
to chloride, x the weight e)f .silveu- clde)ridei in the^ first preicipitale, and 


y the weight of silve^r bre)miele‘, them x + y 


1 , AgCl 

p anel x + ^ 


* If the above direct, ions are closely followeid, thcirej slioulel not be miieth separa- 
tion of iodine. It may Ikj c-aused by the presence of a small n, mount of nitrems acid 
which is not oxidized to nitric aeid by hydroj^em peire)xidei; or, if thes (^oniemts of the 
Erlenmeyer flask are not kejU, cool, appr(!(;ia})le amount, s of sodium iodaie (NfalOs) 
are formed, and the latter is not reeluccd l)y hyelrof>;en jasroxieki. In this case there 
is a separation of a ejonsidorable amount e>f io<line on aeidifying the solution, but the 
addition of sulfurous acid changes it to ie)didc without loss. 
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AffCl 

Since = 0.7633, the solution of the above two equations gives 

y = 4.224 (p — q) and x = p — y, from which the percentage of chlo- 
rine and bromine can be computed. 


3. Determination of Iodine together with Chlorine 

The same procedure is used as above described. 

If p represents the weight of silver iodide + silver chloride, q the 
weight after the silver has been converted to chloride, x the weight 
of silver chloride, and y the weight of silver bromide in the first precipi- 
tate, y = 2.567 {p — q) and x ^ p — y. 


4. Determination of Bromine in the Presence of Iodine 


In this case p represents the weight of the silver bromide and silver 
iodide, q as before the corresponding weight of silver chloride, x the 
weight of silver iodide in the first precipitate, and y the weight of silver 
bromide. 


x + y ^ p, 


Agl ^AgBr^ ^ 


X - 4.996 p — 6.545 q 


y = p - X 


5. Determination of Iodine, Bromine, and Chlorine 

In one portion of the substance determine the weight p of silver salts 
obtained by precipitation and change this over to silver chloride of 
weight q. In another portion of the same weight of original substance, 
determine the weight t of palladous iodide corresponding to the iodine 
content. Then if x represents the weight of silver chloride and y the 
weight of silver bromide in the first precipitate, the following relation- 
ships hold: 

1.303 t = weight of silver iodide in the first silver precipitate and 
0.7951 1 is the corresponding weight of silver chloride. 
p — 1.303 t = weight of silver bromide and silver chloride in the fib:st 
precipitate. 

q — 0.7951 1 = weight of silver chloride in the second precipitate equiva- 
lent to the chloride and bromide. 

^ + y = 1.303 t X + 0.7633 y = q- 0.7951 1 

y = 4.224 [{p - 1.303 t) - {q - 0.7951 1)] 
x = p- 1.303 t - y 
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Inslead of determining the iodine as palladous iodide it may be 
removed as on p. 308, h, by treatment with nitrous acid and the weight 
of the silver bromide + silver chloride ol)taine(L 

Another method* depends upon the fact that treatment of silver 
halides with potassium dichromate and concentrated sulfuric acid 
causes the following decompositions: 

6 AgCl + K2Cr207 + 14 H 2 SO 4 = 6 AgPISO.! + 2 KHSO 4 + 2 Cr(HS04)3 
+ 7 H 2 O + 3 Clo t 

6 AgBr+KaCrsOr + 14 RSO, = 6 AgHSO.t + 2 KHSO., + 2 Cr(HS04)3 
+ 7H20 + 3Br2T 

2 AgI+2 K2Cr207 + 18 H2SO4 = 2 AgHSO.i + 4 KIISO4 + 4 Or(HS04)3 
+ 8H2O + 2HIO3 

All the bromine and chlorine can b(^ distilled off, but the silver and all 
the iodine remain behind. By introducing SO 2 into the diluted acid, 
the iodic acid is reduced to hydriodic a.cid and silvcu* iodide precipitates. 
After filtering this off, the remaining vsilver can precipitated as iodide. 
Thus for the determination of the throe unknowns, throe simultaneous 
equations can be formiilated. 

Procedure, — Precipitate a mixture of siHan* cldoride, bromide, and 
iodide in the usual manner, filter into a small a,s])estos filtering tube, and 
weigh after drying at 150°. Call the weight of original substance A 
and that of the mixed halickis a. Plac(^ the diy precipitate together 
with the asbestos in a.n Mrlenmeycir flask and for eacli 0,3 g of silver 
salt add 2 g of pure, potassium dicliromaix^ and 30 ml of concentrated 
sulfuric acid. Pleat 2 hours at 95°. ''Fowa.rd tlici last, pass a stream of 
air through the liquid until all the chlorines and bromine has been 
expelled. The decomposition takes place more ra,pidly if the precipi- 
tate is treated with the oxidizing mixture without drying it except by 
suction, but this necessitates the determination of the mixed silver 
salts in a separate sample. After flic oxidation of the silver salts is 
complete, dilute with 300 ml of water, filter off the asbestos, and to 
the filtrate add sodium bisulfite solution drop by drop until a faint 
permanent odor of sulfur dioxide is obtained. Filter off n,nd weigh the 
silver iodide precipitate; call this weight h. In the filtrate precipitate 
the rest of the silver by adding potassium iodide. Call this weight c. 
Compute the percentages of chlorines, bromine, and iodine as follows: 

54.06 h , . 3 . 

— = per cent iodine 


Beck, Chem. Ztg,, 39, 405 (1915), Bauhigriy, Compt rend., 127, 1219 (1898). 
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63.8 c - 80.0 (a -h) x • 

1 — ^ = per cent chlorine 

179.8 (a - 6) - 109.7 c x u • 

^ ~ bromine 

Hydrocyanic Acid, HCN. Mol. Wt. 27.02 
Forms: Silver Cyanide, AgCN, and Metallic Silver, Ag 

Free hydrocyanic acid as well as the cyanides of the alkalies and 
alkaline earths are decomposed quantitatively by silver nitrate with 
the formation of insoluble silver cyanide. 

If, therefore, it is desired to determine gravimetrically the amount 
of cyanide present in an aqueous solution of hydrocyanic acid or of 
an alkali cyanide, treat the cold solution with an excess of silver ni- 
trate, stir, make faintly acid with nitric acid, allow the precipitate to 
settle and filter through a weighed filter, dry at 110°, and weigh. To 
confirm the result, place the silver cyanide in a porcelain crucible, burn 
the filter in a platinum spiral, add its ash to the main portion of the 
precipitate, and ignite the contents of the crucible, at first gently and 
fimally more strongly but not enough to melt the silver. Cool and 
weigh the silver. 

By the decomposition of the silver cyanide, difficultly volatile para- 
cyanide is formed, but this is gradually burned away by igniting the 
contents of the open crucible. 

Example: Determination of Hydrocyanic add in Bitter-almond Water. — Bitter- 
almond water contains cyanogen as free hydrocyanic acid and as ammonium cyanide, 
but the greater part is present as mandelic acid nitrile, C 6 H 5 CH(OH)CN, which 
is not decomposed in aqueous solution by means of silver nitrate, but is readily 
acted upon by it if the solution is made ammoniacal after the addition of the silver 
nitrate and then made acid. 

The gravimetric determination of the cyanogen present is performed 
according to the method of Feldhaus* as follows: 

Treat 100 g of bitter-almond water with 10 ml of a 10 per cent silver 
nitrate solution, add 2-3 ml of concentrated ammonium hydroxide 
and immediately acidify with nitric acid. Allow the precipitate to 
settle, and determine the HCN as described above. 

Liebig^s volumetric method is much more satisfactory for this de- 
termination (see Part II, Precipitation Analyses). 

If it is desired to determine the amount of cyanogen in a solid alkali 
cyanide, dissolve a weighed amount of the salt in water containing silver 

* Z. anal. Chem., 3, 34 (1864). 
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nitrate, and make the solution acid with nitric acid and treat the pre- 
cipitate as above. 

If the cyanide is dissolved in water before the addition of the silver 
nitrate, there is always a slight loss of hydrocyanic acid. 

Some complex cyanides arc quantitatively decomposed by silver 
nitrate, e.g.j those of nickel, zinc, and copper (the last only slowly); 
others such as the ferro- and ferricyanidcs of the alkalies (and mercuric 
cyanide) are not. 

Determination of Cyanogen in Mercuric Cyanide, Method of Rose 

Mercuric cyanide is a non-olectrolyte and is consequently not pre- 
cipitated by silver nitrate, but it is acl.c^d upon by hydrogen sulfide 
with the formation of insoluble mcu-ciiric sulfide and hydrocyanic acid: 

Hg(CN)2 + H 2 S = HgS + 2 IICN 

This reaction, however, cannot take plane in neutral or acid solutions 
on account of the volatility of th(^ hydrocya,nic acid; it must be per- 
formed in an alkaliiui solution. In order to a.voi(l the introduction of 
an excess of hydrogen sulfide into the solution, the following procedure 
is necessary: 

Treat the aqueous solution of the mercuric cyanides with about twice 
as much zinc sulfate dissolvc'.d in ammonia. If this should cause a 
turbidity, add enough ammonia, to cl(^a,r it up a,nd .slowly add hydrogen 
sulfide water. This causes at first a brown i)r(Kdi)it,a,t(^ which becomes 
black on stirring. Continue the a,(l<lition of hydrogcai sulfide water 
until the upper liquid shows a pure while prcH;i{)ita,t(^ of zinc sulfide. 
The zinc sulfate, thcircdorc, s(‘rv(‘s, as it mwv.j as an indical.or, ina.smuch 
as the pure white precipitate will not b(i formcul until the mercury is 
completely procipitatcid. Filter off the pr(udpil.at(‘(l sulfides and wash 
with dilute ammonia. 1110 filtrates contains ail tluj liydroeyanic acid. 
Add to it an excess of .silv<;r nitrate, rnakci a.cid with nitric acid, filter, 
and determine the weight of silver in tlui silv(*,r cyanides a,s described on 
D. 313. 

Determination of Hydrocyanic Acid and Halogen Hydride in the Pres- 
ence of One Another, according to Neubauer and Kerner* 

Treat the solution with silver nitrate in th(i cold, add nitric acid to 
faintly acid reaction, and heat to coagulate t.he precipitates Filter, 
dry at 130®, and in this way determines thes tol.al wesight of the silver 
salts. Place a definite amount of the pr{icipiin‘it(i in a porcelain crucible, 


Ann. Chem. Pharm., 101, 344 (1857). 
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heat until it is completely melted, and reduce with zinc and sulfuric 
acid as described on p. 306. Dilute with water, filter off the metallic 
silver and para-cyanogen, and determine the halogen in the filtrate 
according to pp. 300 et seq. 

The above separation can be more satisfactorily effected by means 
of a volumetric process (see Precipitation Analyses). 


THIOCYANIC ACID, HCNS. Mol. Wt 59,08 
Forms: Cu 2 (CNS) 2 , AgCNS, BaS 04 

1. Determination as Cuprous Thiocyanate, Cu 2 (CNS )2 

To the solution of thiocyanate, which is neutral or slightly acid with 
hydrochloric or sulfuric acid, add 20-50 ml of a saturated solution of 
sulfurous acid, and copper sulfate solution with constant stirring until 
a slightly greenish tint is imparted to the liquid. After standing a 
few hours, filter the precipitate into a Munroe crucible, wash with cold 
water containing sulfurous acid, then once with alcohol, and dry at 
130^ to constant weight. 

2. Determination as Silver Thiocyanate, AgCNS 

This excellent method for estimating thiocyanic acid is applicable only 
in the absence of the halogen acids or hydrocyanic acid. 

Treat the dilute solution of the alkali thiocyanate in the cold with 
a slight excess of silver nitrate solution, which has been acidified with 
nitric acid. After stirring well, filter off the precipitate into a Munroe 
crucible, wash with water, then with a little alcohol, dry at 130^^, and 
weigh. 

3. Determination as Barium Sulfate 

In the absence of all other compounds containing sulfur, thiocyanic 
acid can be determined with accuracy by oxidizing it and precipitating 
the sulfuric acid formed as barium sulfate. Bromine water is the most 
suitable oxidizing agent for this purpose. Treat the alkali thiocyanate 
solution with an excess of bromine water, heat for 30-60 minutes on 
the water-bath, acidify the solution with hydrochloric acid, precipitate 
the sulfuric acid by means of barium chloride, and weigh as barium 
sulfate (see Sulfuric Acid). 
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Determination of Thiocyanic and Hydrocyanic Acids in the Presence 
of One Another (Borchers)* 

In one portion determine by volumetric titration the quantity of silver 
nitrate necessary to precipitate both, of the acids (see Precipitation 
Analysis), and in a second portion d{itormjno the weight of barium sul- 
fate formed after the oxidation of the tluocyanic acid. From the latter 
weight compute the quantity of thiocyanic acid present and also the 
weight of silver nitrate that would be re(|uire(l to pmcipitate it. If 
this weight is subtracted from the weight of silv(u* nitrate required to 
precipitate both of the acids, the quantity of silver nitrate equivalent 
to the hydrocyanic acid present is obtaiiuHl. 

Determination of Thiocyanic Acid together with Halogen 
Hydrides (Volhard) 

In one portion determine tlui thiociynnic acid as barium sulfate after 
oxidation. Heat a second ];)ortion in a closcxi tube with concentrated 
nitric acid and silver nitrate (Garins Method, f P- 303), filt(‘r off and 
weigh the mixture of silvcu* ha.lid(\s and changci to silvtu* chloride as 
described on p. 310. Fus(^ a i.hird portion with sodium cjuhonatc and 
potassium nitratcj, dissolves tiu^ alkali salts in water, and determine the 
iodine as palladous iodides (sc^e p. 308). From the data- thus obtained, 
compute the relatives quantitFvs of tlio tlux'X'. halides (sec p. 310). 

FERROCYANIC AciD, H.iFe(CN)o. Mol. Wt. 215.9 
Form: Silver Cyanide, AgCN 

The most accurate proc(‘dure for th(‘ analysis of c,om|)k‘x cyanides is 
to determine the carbon and niir(.)gen by (lenHuiiary ana-lysis (wiiich see). 

Determination as Silver Cyanide (Rose-Finkener) 

This method depends upon the fact that all salts of f(iri‘ocya-nic acid 
on being heated with yellow mcircuric oxid() givcj up thedr cyanogen to 
the mercury, forming soluble mcircuric cyanid(j, whiki tlui iron is changed 
to insoluble ferric hydroxide. Thus Prussia-Ti bhu^ is (kicomposed as 
follows: 

.Fe4[FeCCN)o]8 + 0 IfeO -f 9 H/) - 9 IIp;(ON), + -1 EefOH).-, + 3 Fe(OH )2 

* Reportorium der anal Chenm, 3881, p. 130. 

t Instead of using the Carius method, the halogens and thio(^yana,te ma-y be 
precipitated by silver nitrate, filtered through a (Jootih erucihlc, dried at 160®, and 
weighed. 
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Treat a weighed amount of the substance with water and an excess 
of mercuric oxide. Boil until the blue color has completely disappeared, 
filter off the iron precipitate with the excess of mercuric oxide, and 
determine the cyanide in the filtrate according to p. 314. 

On filtering off the insoluble oxides, at first a clear filtrate is obtained, 
but on washing some of the precipitate usually passes through the filter. 
By washing with a solution containing a dissolved salt, preferably 
mercuric nitrate, it is possible, however, to obtain a clear filtrate. 
Even then the operation is tedious, so that it is better to dilute the 
liquid containing the precipitate suspended in it to 100 ml, and use a 
filtered aliquot of 50 ml for the determination of the cyanide according 
to p. 314. A slight error is introduced because the volume of the pre- 
cipitate is neglected, but it is largely compensated by adsorption errors. 

Soluble ferrocyanides may be determined satisfactorily by titration 
with potassium permanganate (cf. Part II, Oxidation and Reduction 
Methods). For the determination of the iron and other metals, heat 
the substance with concentrated sulfuric acid, dissolve the residue after 
evaporation in water, and analyze the solution in the usual way. 

FERRICYANIC ACID, H 3 Fe(CN) 6 . Mol. Wt. 214.9 

The ferricyanides are analyzed in the same way as the ferrocyanides. 

Hypochlorous Acid, HCIO. Mol. Wt. 52.47 

Hypochlorous acid is always determined volumetrically and will be 
discussed in Part II of this book, under Oxidation Methods. 


GROUP II 

NITROUS, HYDROSULFURIC, ACETIC, CYANIC, AND 
HYPOPHOSPHOROUS ACIDS 

Nitrous Acid, HNO 2 . Mol. Wt. 47.02 

Nitrous acid is determined either volumetrically, gasometrically, 
or colorimetrically. The first two methods will be discussed in Parts 
II and III of the book. 

Colorimetric Determination, of Peter Griess 

This method serves only for the determination of extremely small 
amounts of nitrous acid (e.g., in drinking-waters), and depends upon 
the formation of intensively colored azo-dyes. 

Inasmuch as azo-compounds are formed only when nitrous acid is 
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present, they can all be used in testing for this acid, but the different 
substances do not prove equally sensitive as reagents. Thus in the 
production of tri-amino-azo-benzene (Bismarck brown) not less than 

0.02 mg of nitrous acid in a liter can be detected, whereas- according to 
the following procedure 0.001 mg in a liter can be detected with cer- 
tainty. To carry out the determination two solutions are necessary, 
one of sulfanilic acid and one of a-naphthylamine. Both substances 
are dissolved in acetic acid* and prepared according to the directions 
of Ilosvayf as follows: 

1. Dissolve 0.5 g of sulfanilic acid in 150 ml of dilute acetic acid. 

2. Boil 0.1 g of solid a-naphthylamine with 20 ml of water, pour 
off the colorless solution from the bluish violet residue, and add 150 ml 
of dilute acetic acid. 

Mix these two solutions. { It is not necessary to protect the reagent 
from the action of light, but it is desirable to keep impure air away from 
it. As long as the solution remains colorless it can be used. If it comes 
in contact with nitrous acid, which is often present in the air, the re- 
agent becomes red and must be decolorized by shaking with zinc-dust 
before using. 

Besides the above reagent, it is necessary to prepare a solution of 
sodium nitrite of known strength. For this purpose add silver nitrate 
solution to a concentrated solution of commercial potassium nitrite, 
filter off the precipitated silver nitrite, and wash a few times with cold 
water. To obtain absolutely pure silver nitrite dissolve the precipi- 
tate in as little hot water as possible and quickly cool. Place the mass 
of crystals in a funnel provided with a platinum cone and, after draining 
off the mother-liquor by suction, wash with a small amount of distilled 
water. Place the silver nitrite in a calcium chloride desiccator and 
allow to dry in the dark. As soon as it has become dry (shown by 
its having assumed a constant weight) dissolve exactly 0.4047 g in a 
liter flask with hot distilled water. Add 0.2"~0.3 g of pure sodium chlo- 
ride (i.e.j a little more than the theoretical amount) to convert the silver 
nitrite into silver chloride and sodium nitrite. Cool, dilute the solution 
to exactly 1 1 with pure water, shake well, and billow the precipitate to 
settle. After this, pipet off 100 ml of the clear liquid into a second liter 
flask and dilute up to the mark with water free from nitrous acid. One 
milliliter of this solution contains 0.01 mg N20:j. 

* P. Griess used dilute sulfuric acid to set free the nitrous acid. Tlosvay showed 
that if acetic acid were used the reaction was much more sensitive. 

t Bull. chim. [2] 2, 317. 

t Lunge, Zeitschr. /. angew, Chern.^ 1899, Heft 23. 



NITROUS ACID 


319 


Procedure for the Determination 

Place 50 ml of the water to be examined in a cylinder, such as is 
shown on p. 77, add 5 ml of the reagent, and mix the contents of the 
cylinder with the aid of the stirrer shown in Fig. 32, p. 77. Place the 
cylinder in water heated to 70-80°. If as much as 0.001 mg of nitrous 
acid is present in a liter of the water tested, the red coloration will appear 
within 1 minute; with relatively larger amounts (e.g., as much as 1 mg 
per liter) the solution is simply colored yellow, unless a concentrated 
solution of naphthylamine is used. Meanwhile in three other cylin- 
ders place respectively 0.1 ml, 0.5 nol, and 1 ml of the solution con- 
taining a known amount of sodium nitrite; dilute each with water up 
to the mark and treat with the reagent in the same way. As soon as 
a distinct red coloration is apparent, compare the colors with that 
produced by the water to be analyzed. If the color of the unknown 
water lies between two of the standards — e.g., between that pro- 
duced with 0.1 and 0.5 ml of the standard — then prepare 3 more 
standards containing, say, 0.2, 0.3, and 0.4 ml of the known solution. 
When the color of the unknown solution is matched, then the water 
contains the same amount of nitrous acid as the standard. 

If the water contains considerable nitrous acid {e.g., over 0.3 mg 
per liter), the red coloration will be so dark that the colorimetric de- 
termination cannot be performed with certainty. In this case dilute 
a definite volume of the water with distilled water and determine the 
nitrous acid present in this diluted water. 

Tromsdorff recommends for the determination of nitrous acid in 
drinking-water the use of zinc iodide of starch, and comparing the blue 
color produced by the nitrous acid (cf. Vol. I). If 0.1 mg of nitrous 
acid is present in a liter, the blue color produced can be distinctly 
seen; with 0.4 mg per liter, however, the color is so intense that it is 
unsuited for a colorimetric determination. This method is not to be 
recommended because in the first place it is far less sensitive than the 
Griess method, and second because it can easUy lead to error inas- 
much as a blue color will be often produced when there is no nitrous 
acid present. Traces of hydrogen peroxide or ferric salts, which are 
likely to be present in a drinking-water, will also cause the solution of 
zinc iodide of starch to turn blue. 
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Hydrogen Sulfide (Hydrosulfuric Acid), H 2 S. Mol. wt. 34.08 

Forms: Barium Sulfate, BaS 04 , Hydrogen Sulfide, H 2 S, 
and colorimetrically 

There are four cases to be considered: 

I. The determination of free hydrogen sulfide. 

II. The determination of sulfur in sulfides soluble in water. 

III. The determination of sulfur in sulfides insoluble in water but 
decomposable by dilute acids with evolution of hydrogen sulfide. 

IV. The determination of sulfur in insoluble sulfides. 

I. Determination of Free Hydrogen Sulfide 

(a) Determination of Hydrogen Sulfide in Gas Mixtures 

If it is desired to know the percentage of hydrogen sulfide present in a 
mixture of gases, the analysis is best made volumetrically (see Part II, 
lodometry), but it is possible to accomplish the same end by a gravi- 
metric process. 

Connect the source of the gas by means of rubber tubing with a ten- 
bulb Meyer absorption tube,* which contains a solution of ammonia- 
cal hydrogen peroxide free from sulfuric acid. Connect the other end 
of the absorption tube with an aspirator, i.e., a large bottle of about 
4-5 liters capacity filled with water and closed by means of a double- 
bored stopper. Through one hole of the stopper pass a right-angled 
glass tube which reaches just below the bottom of the stopper in the 
bottle, and connected at other end with the absorption tube. Through 
the other hole in the stopper place a glass tube reaching to the bottom 
of the bottle. Likewise bend the upper end of this tube, and connect 
with a rubber tube to serve as a siphon; on the lower end of the rubber 
tube place a screw-cock. 

Before beginning the experiment, remove the air in the rubber tubing 
between the source of gas and the absorption tube by conducting the 
gas to be analyzed through it. When this is accomplished connect the 
tubing with the absorption tube. Now allow water to run slowly from 
the aspirator into a vessel graduated in liters; after from 2 to 5 liters of 
the water have run out, close the aspirator by screwing up the cock on 
the siphon arm. Pour the contents of the absorption tube into a beaker, 
slowly heat to boiling, and keep at this temperature for 5-10 minutes. 
Evaporate the solution on the water-bath to a small volume, add a 
little hydrochloric acid, filter the solution if necessary, and precipi- 

* Generally two of these tubes are used in order to make sure that none of the gas 
escapes absorption. 
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tate the suKuric acid at a boiling temperature with a boiling solution 
of barium chloride* After the precipitate has settled, filter it ofi, ig- 
nite wet in a platinum crucible, and weigh as barium sulfate. 

Both at the beginning and end of the experiment it is necessary to 
note the temperature of the room and the barometer reading. Use 
the mean of these readings for the calculation. Compute the amount 
of hydrogen sulfide present in the gas as follows: 

The volume of water which has flowed out of the aspirator repre- 
sents the volume of the gas that has been sucked through the apparatus 
less the amount absorbed by the ammoniacal hydrogen peroxide solu- 
tion. Let V represent the volume of water in liters which has flown 
from the aspirator and p the weight of barium sulfate found. 

Since one gram molecule of barium sulfate corresponds to one gram 
molecule of hydrogen sulfide and the latter assumes at 0° and 760 mm 
pressure a volume of 22,16 liters,* we have: 


_ 22 . 16 -p 

BaS04 


the volume of the hydrogen sulfide absorbed. 


Now the volume (7) of the gas that passed through the apparatus 
was at f and B millimeters pressure and was saturated with water 
vapor; whereas Vi refers to the dry gas at 0° C and 760 mm pressure. 
It is necessary, therefore, to reduce 7 to 0° C and 760 mm pressure. 

_ V-(B-w) 273 
760 (273 + t) 

The volume of the gas drawn through the apparatus is then: 


and we have : 


7i • 100 

Tr _|_ rr 


7o4- 7i 

= the percentage by volume of hydrogen sulfide 


present. 


(jb) Determination of Hydrogen Sulfide Present in Solution 

By means of a pipet measure out a definite volume of the solution 
and allow it to run into ammoniacal hydrogen peroxide while constantly 
stirring with the pipet. Heat to boiling, acidify with hydrochloric 
acid, and determine the amount of sulfate by precipitation with barium 
chloride. 


II. Determination of Sulfur in Sulfides Soluble in Water 

(a) Treat the solution with an excess of ammoniacal hydrogen 
peroxide water, slowly heat to boiling and keep at this temperature 

* According to Leduc, Comp, rend., 126, 571 (1897) the density of H 2 S (referred to 
air = 1) is 1.1895, from which the molecular volume is computed as 22.159 liters. 
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until the excess of the reagent is destroyed. Then precipitate the sul- 
furic acid with barium chloride and weigh as barium sulfate. 

(/?) Treat the solution with bromine water until a permanent brown 
color is obtained, heat, make acid with hydrochloric acid, and deter- 
mine the sulfuric acid as barium sulfate. 

If the solution contains thiosulfate, sulfide, and sulfate, as it is likely 
to after standing in the air for some time, precipitate the sulfide sulfur 
by means of cadmium acetate and determine the sulfur in the precipitate 
as under III, or oxidize the cadmium sulfide with either bromine water 
or fuming nitric acid, and determine the sulfuric acid formed as barium 
sulfate. 

The determination of thiosulfate, sulfide, and sulfite sulfur will be 
discussed in Part II of this book under lodometry. 

III. The Determination of Sulfur in Sulfides Soluble in Dilute Acids 

Principle. — The hydrogen sulfide is evolved by treatment of the sulfide with 
dilute acid, and absorbed in ammoniacal hydrogen peroxide solution as under I; 
or the hydrogen sulfide is absorbed in caustic soda solution and the sodium sulfide 
formed analyzed according to II; or finally the gas may be absorbed in a weighed 
tube containing pumice soaked with copper sulfate solution, the gain in weight 
representing the amount of gas absorbed. 

Evolution and Absorption of the Hydrogen Sulfide 

Of sulfides rich in sulfur take 0.25-0.50 g of the substance for analysis, 
and of sulfides containing less sulfur use a correspondingly larger amount. 
Place the substance in an Erlenmeyer flask (Fig. 63, a), broaic the con- 
nection between the flask and the receiv(ir, and expel the air from K 
by conducting hydrogen gas through the delivery tube and out through 
the open stopcock of T. After a rapid current of hydrogen has passed 
through the apparatus for about 5 minutes, partly fill the receivers 
V and P with an ammoniacal solution of hydrogen peroxide^ (about 
3-4 per cent H 2 O 2 ), place about 100 ml of the solution in V and about 
10-20 ml in P. 

Now connect the receiver, V, with the delivery tube from the evo- 
lution flask K, and conduct hydrogen from T through the whole appa- 
ratus for 5 minutes more in order to remove as much as possible of the 

* Instead of hydrogen peroxide, the receivers (uin (jontain lOO ml of dilute sodium 
hydroxide solution (250 g to 1 1). After the docomposiUou is complete transfer the, 
contents of the receiver to a beaker, add 30-50 ml of bromine water, make the solution 
acid with hydrochloric acid, and boil while passing carlion dioxide through it until 
the excess of bromine is completely expelled. Then prec^ipitatc the sulfuric acid 
formed with a hot solution of barium chloride. Tnste<id of oxidizing the sodium 
sulfide to sodium sulfate it can be titrated with iodine (of. lodometry). 
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air from the receivers. After this, introduce about 20 ml of boiled water 
into K through T so that the substance is entirely covered, then slowly 
add 6i\r hydrochloric acid 
to the contents of the flask 
and promote the decompo- 
sition by warming some- 
what. When the evolution 
of the gas has ceased, heat 
the contents of K to gentle 
boiling and pass a slow cur- 
rent of hydrogen* through 
the apparatus from T for 
20 minutes; then remove 
the flame and continue the 
current of hydrogen for 15 
minutes longer. At the end 
of this time, the hydrogen 
sulfide will be completely 
driven over into V. f 

Wash the contents of the 
two receivers into a beaker and slowly heat to boiling in order to effect 
the complete oxidation of the thiosulfuric and sulfurous acids and to 
expel the excess of the hydrogen peroxide. Finally make the solution 
acid with hydrochloric acid and determine the sulfuric acid as barium 
sulfate. 

This method yields excellent results and can be applied to the 

Determination of Sulfur in Iron and Steel 

Inasmuch as the amount of sulfur present is small, a large amount 
of the substance must be taken for the analysis. For pig iron 2-5 g 
are sufficient; for steel 5 g, and for wrought iron as much as 10 g, should 
be used. 

* Prepare the hydrogen from zinc and sulfuric acid in a Kipp generator. Wash 
the gas first with an alkaline lead solution to remove traces of hydrogen sulfide 
and then with water. 

f By the absorption of the hydrogen sulfide in the ammoniacal solution of hydrogen 
peroxide the latter is always colored somewhat yellow owing to the formation of a 
little ammonium disulfide. This yellow color can be distinctly seen in the delivery 
tube, where it dips into the solution in the receiver and later disappears owing to 
further oxidation: 

(NH4)2S2 (NH4)2S203 (NH4)2S03 (NH4)2S04 

When the color can no longer be detected, it is a sign that the greater part of the 
hydrogen sulfide has been driven over. 



Fig. 63. 
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The determination is carried out in the same way as before, except 
that the 6iV hydrochloric acid should not be diluted; allow the acid 
to act upon the iron without first covering it with water, and continue 
boiling for 10 minutes after the gas evolution has ceased and all the iron 
has dissolved. 

Instead of collecting the evolved hydrogen sulfide in ammoniacal 
hydrogen peroxide, it is often more convenient to absorb it in am- 
moniacal cadmium solution, or in caustic soda solution, and determine 
the sulfur volumetrically by an iodometric process as will be described 
later. 


Bamber Method for Determining Sulfur in Iron and Steel 

On account of the uncertainty in obtaining all the sulfur present in 
iron or steel by the above evolution method, the Committee on Stand- 
ard Methods for the Analysis of Iron of the American Foundrymen’s 
Association have recommended the following method, which is that 
proposed by Bamber. 

Dissolve 3 g of drillings in concentrated nitric acid. After the iron 
is completely dissolved, add 2 g of potassium nitrate, evaporate to 
dryness on the water-bath, and ignite the dry residue over an alcohol 
lamp to a red heat. After the ignition, add 50 ml of a 1 per cent solu- 
tion of sodium carbonates, boil for a few minutes, and filter, washing the 
precipitate with, hot 1 pen* cent sodium carbonat(^ solution. Make the 
filtrate acid with hydrochloric acid and again evaporate to dryness. 
Moisten the residue with 2 ml of concentrated hydrochloric acid and 
add 50 ml of water. Heat to boiling and filter. Dilute the filtrate 
to 100 ml and precipitate hot witli barium chloride solution. 

During the determination gr(‘a,t cai'c? should b(^ taken to prewent the 
absorption of fumes containing sulfur. For this n^ason a gas flame 
should not be used at any stage in tlK!i procciss. 

The following procedure is also nicomirunded by the Bureau of 
Standards. 

Dissolve 4.57 g of steel ht^ating carefully with 50 ml 

of concentrated HNO;i. If the sarnpk^ dissolves very slowly, add a 
little concentrated tICl dropwise at intervals. To the solution add 0.5 g 
of ]Sra 2 C 03 , evaporate carefully to dryness, and bake for 15 minutes 
on the hot plate. Cool, add 30 ml of concentrated HCl, and repeat 
the evaporation and baking. Now add 30 ml of concentrated HCl and 
evaporate to a sirup. Add 5 ml more of HCl and 5 g of 20“-30 mesh 
zinc, free from sulfur. This serves to reduce the iron to ferrous salt 
which does not interfere as much as FeCh does with the precipitation 
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of all S 04 ~~ as pure BaS 04 . Heat on the water-bath until all the 
ferric ions are reduced and the evolution of hydrogen has nearly ceased. 
Filter and wash with about 75 ml of 0.25 N HCl, added in small por- 
tions. Heat to about 70°, and add 10 ml of 10 per cent barium chloride 
solution. Allow to stand over night. Filter through an ashless filter; 
wash six times with hot N HCl and then with hot water until free 
from chloride. Ignite and weigh the BaS 04 . Run a blank on all the 
reagents going through all the above operations in exactly the same 
way. To find the per cent of sulfur, multiply the- weight of the pre- 
cipitate of BaS 04 by 3.0. 

The following method has also been found to give good results. 

Meinicke Method for Sulfur in Iron and Steel 

Dissolve 4.57 g of the metal in 25 ml of potassium-cupric chloride 
solution (300 g K 2 CUCI 4 and 100 ml concentrated hydrochloric acid 
per liter). Filter off the residue, containing all the sulfur, using an 
asbestos filter. Wash 2 or 3 times with 5 per cent hydrochloric acid 
and then return residue and asbestos pad to the beaker and cover with 
20 ml of concentrated nitric acid. Heat and add potassium chlorate 
until all carbonaceous matter is destroyed. Add 5 ml of concentrated 
hydrochloric acid to dissolve the precipitated manganese dioxide and 
again filter through asbestos. Evaporate the solution to dr 3 mess, 
take up in 10 ml of hydrochloric acid, and evaporate to dryness again. 
Take up in 10 ml of 2 per cent hydrochloric acid and 20 ml of water 
and filter through paper. Precipitate the sulfuric acid in the boiling 
filtrate, containing 1 per cent hydrochloric acid by volume, with 2 ml 
of hot 10 per cent barium chloride solution. Digest a short time on 
the hot plate and filter. Wash the barium sulfate with hot water 
until free from chlorides, ignite slowly, and weigh. The weight of 
barium sulfate in grams multiplied by 3 is equal to the percentage of 
sulfur. Run a blank on all reagents, carrying out every step of the 
procedure. 

Method of Ejrug* 

Dissolve 5 g of the metal in 50 ml of concentrated nitric acid. When 
all the iron has dissolved, add 0.25 g of potassium nitrate, evaporate to 
dryness, and bake the residue. Take up in hydrochloric acid and carry 
out the Rothe ether separation as described on p. 172. After removing 
the ether precipitate the sulfuric acid with hot barium chloride reagent. 


‘ Stahl und Eisen, 26, 887 (1905). 
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Colorimetric Determination of Sulfur in Iron and Steel* 

Principle. — The hydrogen sulfide evolved from a weighed sample is passed 
through a cloth which has been wet with a solution of cadmium acetate. The 
hydrogen sulfide reacts with the cadmium salt to form yellow cadmium sulfide, and 
the intensity of the color is proportional to the amount of hydrogen sulfide. 

If a grams of substance produce a certain shade then it would take 
2a grams of a substance containing half as much sulfur to duplicate it, 

or in other words, the relations hold, as = 
a's', where a and a' represent the amount 
of substance taken for the analysis and s 
and s' the percentage of sulfur present. 
In the first place, then, a scale must be 
prepared of different shades representing 
different percentages of sulfur. For this 
purpose, Wiborgh uses the apparatus 
shown in Fig. 64. It consists of a 250-300 
ml Erlenmeyer flask A with a side-arm 
funnel T and with a ground-glass connec- 
tion between the cylinder B and A. R is 
about 20 cm long, and is from 5.5 to 6.0 cm 
wide at the top and about 8 mm at the 
bottom; the upper edge is rounded over 
and ground perfectly smooth. Upon this 
upper edge are placed two rubber rings of 
the same inner diameter as the glass cylin- 

t -.' " __1 J der. Bc^tweem these two rings is laid a cir- 

Flq. (M. cular pi(K;e of cloth C that has been dipped 

in a solution of ca-dmium acetate, and upon 
the upper rubber ring is placed a woodcui ring If which is held firmly 
against the edge of the cylinder by moans of three clamps K (only two 
are shown in the illustration). 

Fill the flask A not, quite half full with diKstilled wai,(ir, boil a few min- 
utes to remove the air, take away the flame, and drop into the flask a 
weighing-tube containing a definite; a, mount of a sample whose sulfur 
content is known. Insert the cylind(;r, with the cadmium acetate 
cloth in position in the neck of the flask, and l)oil gently until the cloth 
is uniformly moistened with the aqueous va,por which is seen to pass 
through -it. The water must not be boiled too strongly and the cloth 
must not be allowed to puff up, for in tha-t case it will become distorted 
and afterward an unevenly colored surface will bo obtained. After 

* J. Wiborgh; I)iahl undEimij 0 (ISfiO), 240. 
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boiling for 3 or 4 minutes, cautiously add 6 N sulfuric acid, drop by drop, 
to the contents of the flask (3 ml for each 0.1 g of iron) through the fun- 
nel r. The evolution of hydrogen sulfide begins at once and is recog- 
nized by the cadmium acetate cloth becoming yellow. After all the 
acid has been added, continue boiling until no more gas is evolved from 
the substance, and then for 10 minutes more in order to expel it from the 
solution completely. 

Now remove the piece of cloth and place it upon a piece of white 
filter paper, so that the side which was toward the flask is on top. 
In the same way prepare a scale of six different shades corresponding 
to 0.02 mg, 0.04 mg, 0.08 mg, 0.12 mg, 0.20 mg, and 0.28 mg of sulfur, 
etc. For the determination proper, weigh out from 0.1 to 0.8 g of the 
substance (according to its supposed sulfur content) and treat in the 
same way. If with a sample of 0.2 g a shade corresponding to Tint 
No. 5 is obtained, the sample contains 0.2 mg of sulfur. 

Remark. — The above process is very simple and to be recommended if a large 
number of sulfur determinations are to be made, as in iron and steel laboratories. 
It is to be noted, however, that an accurate value is obtained only when all the 
sulfur is present in a form such that it is evolved as hydrogen sulfide on treatment 
with acid. 

IV. Determination of Sulfur in Insoluble Sulfides 

^For this analysis the sulfur is either oxidized to sulfuric acid and 
determined as barium sulfate, or the sulfide is converted into a soluble 
sulfide which is analyzed as described above. 

The oxidation of the sulfide can take place: 

(a) In the Dry Way. 

(b) In the Wet Way. 

(A) OXIDATION IN THE DRY WAY 

1. Fresenius^ Method: Fusion with Sodium Carbonate and 
Potassium Nitrate 

Intimately mix 0.5 g of the finely powdered sulfide in a spacious 
nickel crucible with 5 g of sodium carbonate and 1.25 g of potassium ni- 
trate, cover with a thin layer of sodium carbonate, and heat at first 
gently, then strongl^^ntil the contents of the crucible are melted; keep 
at this temperature for 15 minutes. After cooling, extract the melt 
with water, filter, boil the residue with 2 per cent sodium carbonate 
solution, and finally wash with water to the disappearance of the alka- 
line reaction. To the filtrate in a covered beaker add an excess of hy- 
drochloric acid, boil, expel carbon dioxide, and evaporate to dryness. 
To remove all the nitric acid, treat the dry mass with 10 ml concen- 
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trated hydrochloric acid, and again evaporate to dryness. Moisten 
this last residue with 1 ml of concentrated hydrochloric acid, add 100 
ml of water, heat to boiling, and filter. Dilute the filtrate to 350 ml, 
heat to boiling, and precipitate with 24 ml of normal barium chloride 
solution which is diluted to 100 ml and added as quickly as possible 
while stirring vigorously (cf. Sulfuric Acid). 

2. Sodium Peroxide Method"^ 

The above method has long been accepted as a standard one for 
determining sulfur in pyrite and other insoluble sulfides, but equally 
good results can be obtained by substituting sodium peroxide as the 
oxidizer, and the procedure is shorter. 

Procedure. — Mix 0.5 g of pyrite with 5 g of pure sodium peroxide 
and 4 g of sodium carbonate in a nickel or iron crucible. Cut an open- 
ing in a piece of asbestos board (at least 4 inches square) sufficiently 
large to allow two-thirds of the crucible to project below the asbestos. 
The purpose of this shield is to keep the products formed by the com- 
bustion of the gas from reaching the mouth of the crucible. Heat the 
contents of the crucible gently for 10 minutes so that the mass softens 
and bakes together and then raise the temperature until the crucible 
is exposed to the full heat of the Tirrill burner for 20 minutes. 

Allow the contents of the crucible to cool and place in a small beaker 
with 150 ml of hot water. When the sodium salts are all dissolved, 
remove the crucible and add 5 ml of a saturated solution of bromine in 
concentrated hydrochloric acid. The purpose of the bromine is to make 
sure that the oxidation of the sulfur is cornplete.t It is necessary to 
add acid, because? otherwise tlie hot sodium hydroxide solution is likely 
to destroy the filter pamper. After heating to t)()iling, filter the solution 
and wash the residue of ferric hydroxide? free from sulfate. 

Carefully neutralize the filtrate with &N hydrochloric acid, and 
add 2 ml in excess. Heat the solution till all the bromine is expelled, 
dilute to 350 ml, heat to boiling, and precipitate with 24 ml of normal 
barium chloride solution which is diluted to 100 ml and added slowly 
while stirring vigorously. Filter, wash, ignite and weigh the barium 
sulfate precipitate in the usual way (cf. Sulfuric Acid). 

* W. Hempel, Z. anorg. Chem., 3, 103 (1893); J. Chirk, ./. Chem. Soc., 63, 1070 
(1893); Hohnel, Arch. Pharni., 232, 222; C. Gliiscr, Chcm.-^Zlg.^ 18, 1448; Fournier, 
Revue gin6rale de chimie, pure et ajrpliquee, 1903, 77; List, Z. angew. Cheiri.^ 1903, 414. 

t A black residue may denote ferrous sulfide or nickelio oxide. It may be tested 
for sulfur by dissolving in hydrochloric acid and bromine and adding barium chloride 
to the diluted solution. 
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3. Oxidation hy Chlorine {Rose) 

This important method is used less to determine the amount of 
sulfur present in insoluble sulfides than to effect the solution of the 
sulfide for the separation and determination of the metals. As an 
example of this sort of an analysis we will consider the 

Analysis of Tetrahedrite (Fahlerz) 

Tetrahedrite is a complex sulfide corresponding to the general formula 
4 MS-R 2 S 3 , in which M is Cu 2 , Agz, Fe, Zn, or Hg 2 , and R is As, Sb, or Bi. 

Place 0.5-1. 0 g of the powdered substance into a porcelain boat S, 



Fig. 65, shove this into the decomposition tube R and also insert the 
diffusion tube, d, which is just small enough to fit into R. Both ends 
of d are sealed so that the tube R is nearly stopped up at this point. 
Put the decomposition tube into a drying-closet, as shown in Fig. 52, 
p. 218, and connect one end through the stopcock H with the purifica- 
tion tubes A, Bj C, and D and the other end with the vessels E and G. 
The flask E contains 100 ml of 2.5 N hydrochloric acid and 3.5 g of 
tartaric acid, and the Landolt tube G contains a column of glass beads 
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upon which hydrochloric and tartaric acid mixture trickles from the 
funnel T during the entire experiment. Conduct a slow, steady stream 
of chlorine through the apparatus without heating. Generate the 
chlorine by the action of hydrochloric acid upon bleaching powder 
in a Kipp generator. Pass the gas through the wash-bottle A con- 
taining water, the bottle B containing sulfuric acid, and the tubes C 
and D containing pieces of calcite to remove traces of acid. The 
action of the chlorine upon the substance generates heat and the de- 
composition at once starts. The volatile chlorides to some extent 
reach the flask E but condemse also in 0 and in the front end of the 
tube outside the drying-closet. By careful hcjating with a small flame, 
it is easy to drive the condensed chlorides into the receiver. Allow 
the contents of the tube to cool in the stn^am of chlorine and finally 
drive out the chlorine with carbon dioxide;. Tlien rc'rnove the diffu- 
sion tube d and the boat. Loosen tin; conn(;ction with the Landolt 
tube, and by blowing at F cause acid to flow into 0 s(;veral times. Then 
wash out the entire contents of the tubes into E with hydrochloric- 
tartaric acid mixture. 


The Residue A 

consists of silver, load, and copper chlorides, almost all of the me, lead, 
considerable amounts of iron, and the gangue. 

The Solution B 

contains all the sulfur as sulfuric acid, t.he bismuth as chloride, the 
arsenic and antimony as tluiir pentoxidc; (‘.omi^ounds, a part of the 
iron and zinc, and often small amounts of lead. 

Treatment of the Residue A 

Pleat this for some time with GiV* hydrochloric acid, finally dilute 
with water, allow to settle, and filter od tlu; nusidiu; consisting of silver 
chloride and the gangue. Wash thoroughly with liot. water to make 
sure that all lead chloride is r(;inov(;d, treat with ainmouia on the filter 
and precipitate the silver from the; ammoniacal filtrate; by acidifying 
with hydrochloric acid, and det(;nnine as the chloride. Ignite the resi- 
due, insoluble in ammonia, wet in a platinum crucible, and weigh. 

Into the filtrate from the silver chloride;, pass hydrogen sulfide until 
the solution is saturated. Filter off the precipitate of copper and lead 
sulfides and separate the lead from the copper according to p. 207. 
Combine the filtrate from the hydrogen sulfide precipitate with tliat 
obtained from Solution B after hydrogen sulfide has been passed into it. 
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Treatment of Solution B 

Pass a stream of carbon dioxide through the solution for some time 
to remove the greater part of the excess of chlorine, and then saturate 
with hydrogen sulfide at the temperature of the water-bath after stand- 
ing 12 hours. Filter off the precipitate of arsenic, antimony, mercury, 
and possibly bismuth sulfides. Separate the arsenic and antimony from 
the mercury and bismuth by means of ammonium sulfide as described 
on p. 229. From the ammonium sulfide solution precipitate the arsenic 
and antimony by acidifying with dilute hydrochloric or sulfuric acid, 
filter off the precipitated sulfides, and separate the arsenic from the 
antimony as described on pp. 233 et seq. 

The precipitate insoluble in ammonium sulfide usually consists almost 
entirely of mercuric sulfide and sulfur, in which case, wash it first with 
alcohol, then a few times with carbon bisulfide, then with alcohol 
again, dry at 110° C, and weigh. If bismuth is present, however, treat 
the mixture of the two sulfides with QN nitric acid. Boil, add an equal 
volume of water, filter off the residue, and determine the bismuth in the 
filtrate according to p, 189, and the mercury as just described. 

The filtrate from the hydrogen sulfide precipitate contains iron and 
zinc. Combine it with the corresponding filtrate from the Residue A, 
which likewise contains these 'metals. Precipitate by the addition of 
ammonia and ammonium sulfide, filter off, dissolve the precipitate in 
2N hydrochloric acid, oxidize the solution with nitric acid, and sepa- 
rate the iron from the zinc, preferably by the basic acetate method 
(see p. 158). 

It is best to determine the sulfur in a separate portion by fusion with 
sodium carbonate and peroxide as described on p. 328. 

The determination of the sulfur in an aliquot part of the Solution B 
is not to be recommended on account of the fact that the metals present 
are likely to contaminate the precipitate of barium sulfate. 

(B) OXIDATION IN THE WET WAY 

For this purpose aqua regia, fuming nitric acid, bromine, hydrochloric 
acid and potassium chlorate, and, in some cases, ammoniacal hydro- 
gen peroxide have been proposed. 

Aqua regia is most frequently used in practice and in the propor- 
tion first recommended by J. Lefort,* viz., 3 volumes of nitric acid, 
d, 1.4, and 1 volume of hydrochloric acid, d. 1.2. As an example we 
will cite the 

* /. Pharm. de Chimie [IV]j ^9, and Z, anal. Chem.j 9, 81. 
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Determination of Sulfur in Pjrite, G. Lunge’s Method 

The sample should be finely ground, but it must be borne in mind that 
rapid grinding in the air may generate enough heat to cause the oxidar 
tion of some sulfur so that an appreciable amount escapes as dioxide. 
Of the fine powder, treat 0.6 g with 10 ml of a mixture consisting of 
3 parts.nitric acid, d. 1.42, and 1 part hydrochloric acid, d. 1.2, in a 300-inl 
beaker which is covered with a watch glass. At first allow the acid to 
act upon the pyrite in the cold, but finish by heating upon the water- 
bath. If sulfur separates, oxidize it with a very little powdered po- 
tassium chlorate. Transfer the solution to a porcelain evaporating- 
dish and evaporate to dryness on the water-bath. Treat the residue 
with 5 ml of concentrated hydrochloric acid and again evaporate to 
dryness. Moisten the dry mass now with 1 ml of concentrated hydro- 
chloric acid and 100 ml of hot water, filter through a small filter, and 
wash the residue first with cold water and then with hot water. To 
the hot filtrate, if not more than 150 ml in volume, add ammonia till 
the odor persists and then 30 ml of 3iV ammonium hydroxide^ in ex- 
cess to prevent the formation of any basic ferric sulfate. Keep at 
about 70° for 15 minutes. Filter off the ferric hydro.xide precipitate 
and wash with hot water, each time churning up the precipitate, until 
a volume of about 400 ml is reached. Neutralize the filtrate with 
, hydrochloric acid, using methyl orange as indicator, and add 1 ml of 
concentrated hydrochloric acid in excess. Heat just to boiling and 
add 100 ml of boiling-hot, 0.2 JV barium chloride solution while stirring 
vigorously. 

Wash the barium sulfate precipitate 3 times by decantation with 
boiling water, then transfer to a filter and wash free from chlorides, 
ignite, and weigh. 

To test the ammonia precipitate for sulfur, transfer it from the filter 
into a beaker by means of a stream of water from the wash-bottle and 
dissolve it by the addition of as little hydrochloric acid as possible. 
To the resulting solution add an excess of ammonia, filter and test the 
filtrate and washings as in the main analysis. Should any barium sul- 
fate be obtained in this way, it should be filtered off and weighed with 
the main part of the barium sulfate precipitate. 

Bmark. — It is still better to filter the precipitate through a Muiiroe or Gooeh 
crucible. After washing, dry the precipitate as much as possible by suction, place 
the crucible within a larger porcelain or platinum cruciblcry heat gently, cool and 
weigh. 

The above method gives excellent results, which as a rule agree closely with, those 
obtained by the preceding method. If the pyrite, however, contained barium or 
any considerable amount of lead, some sulfate will alw'aya remain uudiasolved with 
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the gangue. In such cases the Lunge method will give lower results but on the 
other hand it represents more nearly the quantity of sulfur in the pyrite which is 
available for the manufacture of sulfuric acid. In spite of the strong oxidizing power 
of the above mixture of nitric and hydrochloric acids, it is not sufficient to permit 
the determination of sulfur in roasted pyrite, on account of the danger of losing some 
sulfur as hydrogen sulfide. Such products should be fused mth sodium carbonate 
and peroxide as previously described. 

In carrying out the Lunge method, often a little sulfur separates in dissolving the 
sample. It has been recommended to dissolve this suKur by adding potassium 
chlorate but when this is done the results are likely to be high. To overcome this 
difficulty, Allen and Bishop recommend dissolving the pyrite in a mixture of bromine 
and carbon tetrachloride. The latter dissolves any sulfur that is liberated and 
the dissolved sulfur is easy to oxidize. 

Determination of Sulfur in Pyrite. Method of Allen and Bishop* 

Weigh 0.5495 g of sample, ground to pass an 80-mesh sieve, into 
a tall beaker of 300-400 ml capacity, and add 6-8 ml of a solution of 2 
vols. liquid bromine in 3 vols. of pure carbon tetrachloride (free from sul- 
fur). Cover the beaker and allow to stand 15 minutes at the room 
temperature with occasional gentle shaking. Add 10 ml of concentrated 
nitric acid and digest in the same way for another 15 minutes. Heat at 
a temperature below 100° until all action has ceased and most of the 
excess bromine has been expelled. Raise the cover glass and evaporate 
to dryness. Cover the residue with 10 ml of concentrated hydrochloric 
acid, again evaporate to dryness, and heat the contents of the covered 
beaker for at least 30 minutes at 100°. 

Moisten the residue with 1 ml of concentrated hydrochloric acid and 
dilute with 50 ml of water, washing the cover glass and the sides of the 
beaker. Heat until all the ferric salt is dissolved, and allow to cool 
for 3 minutes. 

Reduce the iron by adding 0.1 g of powdered aluminum, shaking 
the contents of the covered beaker to bring the metal in contact with 
all parts of the solution. Sufficient aluminum should be added to 
reduce all the iron to the ferrous condition, but any considerable excess 
is to be avoided. 

Wlien the reduction of the iron is complete, as shown by the color 
of the solution, and the solution has cooled sufficiently so that there 
is no noticeable misting ” in the beaker, filter off the silica and the 
excess aluminum and wash with water until free from chloride. Dilute 
with cold water to a volume of 650 ml, add 5 ml of 6 iV" hydrochloric 
acid, and stir thoroughly. To the cold solution slowly introduce, while 
stirring, 50 ml of cold 5 per cent barium chloride solution in single 


J. Ind. Eng. Chem., 11, 46 (1919). 
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drops, at the rate of about 5 ml per minute. Allow the precipitate 
of barium sulfate to settle at least 2 hours and preferably over night. 
Filter, wash with cold water till free from chloride, dry, ignite, and weigh 
in the usual manner. The weight of the precipitate multiplied by 25 
gives the percentage of sulfur. 

Determination of Sulfur in Coal, Eschka Method* 

If sulfur compounds are heated with a mixture of magnesium oxide and sodium 
carbonate, all the sulfur can be converted into water-soluble sulfate. It is generally 
assumed that air is the oxidizing agent and the heating is usually accomplished in an 
open dish. Recently, however, the use of a porcelain or platinum crucible has been 
advocated and the results appear to be equally good, which indicates that the oxida- 
tion of the sulfur may be accomplished as a result of the reduction of the carbonate. 
The magnesium oxide prevents the mass from fusing and apparently also catalyzes 
the oxidation which, however, is not as ra})id as when an oxidizing flux is used. 

Prepare Eschka^s ignition mixture by mixing 2 parts of light calcined 
magnesium oxide with 1 part of anhydrous sodium carbonate, both 
free from sulfur. Mix 1 g of 60-mesh coal with 3 g of the Eschka mix- 
ture on a sheet of glazed paper. Transfer to a porcelain, silica, or 
platinum dish, or to a spacious crucible, and cover with about 1 g of the 
Eschka mixture. 

Heat slowly with an alcohol flame until most of the volatile matter 
has been driven off, then gradually raise the temperature and heat with 
the full flame of the burner for 30 minutes or more, stirring occasionally, 
until all the black particles have been oxidized. 

After the ignition, rinse the material into a 200-ml beaker, add 100 
ml of hot water, and digest on the steam-bath for 30 minutes with occa- 
sional stirring. Filter and wash the insoluble residue thoroughly with 
hot water. The filtrate and washings should total about 2^50 ml. 
Add 20 ml of saturated bromine water, stir, malcc slightly acid with 
hydrochloric acid, and boil till the excess bromine is removed and the 
solution is colorless. To the boiling solution add dilute barium chloride 
solution (20 ml of a 5 per cent solution) and allow to stand at least 
1 hour before filtering. Ignite and w(iigh the barium sulfate. 

(C) HYDROGEN BULITDIC FROM INSOLUBLE SULIdDES 
(a) The Iron Method'^ 

In 1881, M. Groger showed that l)y heating pyrite with iron out of contact with 
the air the former is quantitatively changed into ferrous sulfide 

FeS2 F Fe - 2 FeS 


* Chem. News 21, 261 (1870). 
f Ber., 24, 1937 (1891). 
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and from the latter all the sulfur will be given off as hydrogen sulfide on treatment 
with hydrochloric acid. The following method is suitable not only for the analysis 
of p^Tite but for all other insoluble sulfides. 

Procedure. — First of all heat the finely powdered sulfide out of 
contact with the air with iron powder. In this way part of the sulfur 
is usually given up to the iron, and the compound itself is reduced to 
compounds which are acted upon by hydrochloric acid with evolution 
of hydrogen sulfide; the latter can be absorbed in ammoniacal hy- 
drogen peroxide solution, as described on p. 322. Heat with the iron 
in a small glass crucible about 30 mm long and 10 mm in diameter 
(Fig. 63, 5), which can be easily made from an ordinary piece of com- 
bustion tubing. Place in the crucible about 3 g of iron powder that has 
been previously ignited in hydrogen, mix with it 0.3-0.5 g of the sul- 
fide, and cover the mixture with a thin layer of iron powder. Place 
the crucible in the opening of the piece of asbestos board A (Fig. 63, b) 
and upon it place the gas-delivery tube B which has been prepared from 
difficultly fusible glass. Pass a stream of dry carbon dioxide"^ through 
the apparatus for a few minutes and gently heat the crucible with a 
small flame. Usually a distinct glowing is visible, but no trace of the 
sulfur is lost by volatilization. As soon as the contents of the crucible 
have ceased to glow, raise the temperature until a dull red heat is 
obtained, and keep the crucible at this temperature for 10 minutes. 

After cooling in the carbon dioxide, place the crucible together with its 
contents in the 400-ml flask K and connect with the absorption vessels 
V and P as shown in the figure. The rest of the procedure is carried 
out as described on p. 322. 

Reynarh. — Commercial iron powder always contains a small amount of sulfur, 
so that a blank experiment must be made with a weighed amount of the powder, 
and the same quantity of iron used for the experiment proper. Subtract the amount 
of sulfur found to be present in the iron from the amount found in the analysis. 

The author was disappointed in not being able by this method to distinguish 
between the sulfur present in insoluble sulfides as sulfide and that present as sulfate 
(barium sulfate). If the amount of sulfate present is small, it is completely reduced 
to sulfide by this method; if a large amount of sulfate is present, it is often only 
partially reduced. As the amount of barium sulfatef present in insoluble sulfides 

* Prepare the carbon dioxide from marble and hydrochloric acid in a Kipp gen- 
erator. To purify the gas pass it through a wash-bottle containing water, then 
through one containing potassium permanganate, then through a tube filled with 
pumice soaked in copper sulfate solution, and finally through a calcium chloride 
tube. Potassium permanganate and copper sulfate serve to remove traces of 
hydrogen sulfide that the carbon dioxide might contain. 

t Only barium sulfate is reduced with difficulty; the sulfates of the heavy metals 
are easily reduced. 
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is usually small, however, this method serves for the determination of practically all 
the sulfur. 

(h) The Tin Method^ 

Principle. — Almost all insoluble sulfides on being treated with metallic tin and 
concentrated hydrochloric acid give off their sulfur as hydrogen sulfide. Harding, f 
who first studied this method, used tin and hydrobromic acid. 

Procedure. — In the evolution tube (Fig. 66), which is 20 cm long 
and 2.5 cm wide, place a layer of finely powdered tin (g) about 0.5 cm 

thick. Upon this place the substance 
enclosed in tinfoil (s) and then a layer 
of granulated tin Z about 6 cm deep. 
Pass a current of pure hydrogen 
through the apparatus for about 5 
minutes, after which close the stopcock 
and connect the tube with the receivers 
P and V, as shown in the figure. The 
flask V contains an ammoniacal solu- 
tion of hydrogen peroxide, but P con- 
tains 2-3 ml of water to remove any 
stannous chloride that may be carried 
over with the gas. Add concentrated 
hydrochloric acid through the drop- 
funnel until the tin is at the most half 
covered with the acid. Heat the con- 
tents of the tube slightly, preferably 
by placing it in a small paraffin-bath. 
The capsule of tin soon dissolves, and 
the substance is seen to be floating in 
the acid. It dissolves after about 15 
minutes, and the acid becomes perfectly clear. Continue heating until 
no more yellow coloration can be detected in the delivery tube which 
dips into the receiver V. llien add more acid to the contents of the 
tube, until the tin is completely covered, and heat for half an hour 
longer, meanwhile heating the contents of P to boiling and passing a 
current of hydrogen through a. By this means all the sulfur will be 
driven over into Ff and there held in solution as ammonium sulfate and 
analyzed as described under Sulfuric Acid, Method of Hintz and Weber. 

* Ber., 26, 2377. 

t Ber., 14, 2085. 

t With large amounts of sulfur, one receiver is often insufficient. In such cases 
connect the tube h with a P61igot tube containing ammoniacial hydrogen peroxide 
as shown in Fig. 63, p. 323. 
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Rmiarh. — This method affords an accurate means for determining the sulfur 
present in insoluble sulfides as sulfide in the presence of sulfate. Thus the amount 
of pyrite in clay-slate that contains gypsum can be determined by this method, 
although usually the treatment with aqua regia or fusion with soda and niter is used. 
By these last two methods, however, the total sulfur is determined. More accurate 
values for the pyrite present may be obtained by decomposition in a current of 
chlorine (see p. 329), in which case only the sulfide sulfur is determined. 

Finally, it may be mentioned that arsenic sulfide may be decomposed by the 
above method, although a longer time is required than with pyrite, copper, chal- 
copyrite, galena, cinnabar, etc. Arsenopyrite, on the other hand, is either unacted 
upon or only decomposed with difficulty, while the iron method effects the decom- 
position with ease. 

Determination of Sulfur in Non-electrolytes 

To determine the amount of sulfur present in organic compounds, 
it is oxidized to sulfuric acid and determined as barium sulfate. 

The oxidation is effected: 

(a) In the Wet Way. 

(b) In the Dry Way. 

(a) Oxidation in the Wet Way (Carius) 

This operation is conducted in precisely the same manner as was 
described on p. 304 for the determination of halogens, except that 
no silver nitrate is added to the contents of the tube. After the closed 
tube has been heated and opened, transfer its contents to a beaker, add 
hydrochloric acid, and evaporate to a small volume in order to remove 
the nitric acid; dilute with water to a volume of about 200 ml, precipi- 
tate hot with a boiling solution of barium chloride, and weigh as barium 
sulfate. 


(&) Oxidation in the Dry Way (Liebig) 

Melt a mixture of 8 parts of potassium hydroxide (free from sulfate) 
and 1 part of potassium nitrate in a large silver crucible with the ad- 
dition of a little water. After cooling, add a weighed amount of the 
substance and heat the contents of the crucible again very gradually, 
frequently stirring the mixture with a silver wire until the organic sub- 
stance is completely decomposed. Cool, dissolve the melt in water, 
make acid with hydrochloric acid, and precipitate the sulfuric acid 
formed. 

This method is particularly suited for the determination of sulfur 
present in difficultly volatile substances, e.gr., in wood-cements, 
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CHs 

ACETIC Acid, I . Mol. Wt. 60.03 
COOH 

Free acetic acid is always determined volumetrically. For the 
analysis of acetates, the substance is heated with phosphoric acid when 
the free acetic acid distils over and is then titrated (cf . Part II, Acidim- 
etry). The carbon and hydrogen of the acetate can be determined 
by Elementary Analysis (which see). 

Cyanic Acid, HOCN. Mol. Wt. 43.02 

The only method for examining cyanates consists of determining the 
amount of carbon and nitrogen present by a combustion (see Ele- 
mentary Analysis). 

Determination of Cyanic Acid, Hydrocyanic Acid, and Carbonic Acid 
in a Mixture of their Potassium Salts 

In one portion of the substance determine the carbonic acid by adding 
calcium chloride to the ammoniacal solution and weighing the ignited 
precipitate as calcium oxide. 

In a second portion determine the cyanogen of the cyanide as silver 
cyanide by treating the aqueous solution witli an excess of silver ni- 
trate, acidifying with nitric acid and d(.vt(u*mining the weight of the 
silver cyanide as described on p. 313. 

In a third portion detcuTniiK' tlie potassium by evaporating with 
sulfuric acid and weighing the ix^siduci of p(>ta,ssiurn sulfate as described 
on p. 57. If from the total amount of potn,ssiiim present the amount 
present as potassium carbonate and potassium cyanide is deducted, 
the difference gives the amount of pota-ssium combined with the cyanic 
acid. 


Hypophosphorous Acid, HaPOo. Mol. Wt 66.06 

Forms: Mercurous Chloride, Hg 2 Cl 2 ; Magnesium 
Pyrophosphate, ! 

(a) Determination as Mercurous Chloride 

Treat the solution of the salt, which is sliglitly acid with hydrochloric 
acid, with an excess of mercuric chloridcq by this nutans insoluble mer- 
curous chloride is precipitated. After vstanding for 24 hours in a warm, 
dark place filter off the precipitate through a Gooch crucible, wash 
with water, dry at 110°, and from the weight of the mercurous chlo- 
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ride calculate the amount of hypophosphorous acid present as follows: 
H 3 PO 2 + 2 H 2 O + 4 HgCls = 2 HgsCh + 4 HCl + H 3 PO 4 

H 3 PO 2 • p 

^"2 HgaCla 

in which p is the weight of the Hg 2 Cl 2 obtained in the analysis. 

(6) Determination as Magnesium Pyrophosphate 

First convert the hypophosphorous acid into phosphoric acid by add- 
ing 5 ml of concentrated nitric acid to the aqueous solution of 0.5- 
1 g of the substance in about 100 ml of water,* evaporating on the 
water-bath to a small volume, adding a few drops of fuming nitric acid, 
and again heating. After this, precipitate the phosphoric acid by 
magnesia mixture and ammonia and weigh the precipitate as magnesium 
P 3 a*ophosphate as described under Phosphoric Acid. 

GROUP III 

SULFUROUS, SELENIOUS, TELLUROUS, PHOSPHOROUS, CARBONIC, 
OXALIC, IODIC, BORIC, MOLYBDIC, TARTARIC, AND 
META- AND PYROPHOSPHORIC ACIDS 

SULFUROUS ACID, H 2 SO 3 . Mol. Wt. 82.08 
Form: Barium Sulfate, BaSO 4 

The sulfite, or free sulfurous acid, is first oxidized to sulfuric acid and 
then precipitated with barium chloride. The oxidation can be accom- 
plished by means of chlorine, bromine, hydrogen peroxide, or potassium 
percarbonate. 

Oxidation with Chlorine or Bromine 
Allow chlorine water, or bromine water, to flow gradually into the 
aqueous solution of sulfurous acid, or of a sulfite; after the oxidation is 
complete, expel the excess of the reagent by boiling and precipitate 
the sulfuric acid with barium chloride. 

Oxidation with Hydrogen Peroxide'\ 

Treat the solution of sulfurous acid, or of a sulfite, with an excess of 
ammoniacal hydrogen peroxide, heat to boiling to remove the excess of 

* If the hypophosphite were at once treated with nitric acid, metaphosphoric 
acid would be obtained; by the addition of water the ortho-salt is formed. 

t The hydrogen peroxide should always be tested to see if it contains sulfuric 
acid; if it is found to be present, determine the amount and afterward use an ac- 
curately measured quantity for the oxidation. Deduct the amount of sulfuric acid 
from the peroxide from the total value found in the analysis. 
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the peroxide, make acid with hydrochloric acid, and precipitate with 
barium chloride. 

With potassium percarbonate a similar procedure is used. Treat 
the cold alkaline solution of the sulfite with solid potassium percar- 
bonate, heat gently, and gradually raise the temperature till the boil- 
ing point is reached. Then make acid with hydrochloric acid and 
precipitate with barium chloride. 

Sulfurous acid may be determined very accurately by a volumetric 
analysis (cf. Part II, lodometry). 

Selenious and Tellurous Acids 

The analysis of these acids was discussed under Selenium and Tel- 
lurium. 


Phosphorous Acid, H 3 PO 3 . Mol. Wt. 82.05 

Forms : Mercurous Chloride, Hg 2 Cl 2 , and Magnesium 
Pyrophosphate, Mg 2 p 207 

This determination is effected exactly like that of hypophosphorous 
acid (cf. p. 338). 

In this case, however, it is to be noted that 1 mole of H[g 2 Cl ,2 corre- 
sponds to 1 mole of II 3 PO 3 : 

H 3 PO 3 + 2 HgCb + H 2 O = H 3 PO 4 + 2 HCl + HgsCh 


Determination of Phosphorous and Hypophosphorous Acids 


In this case an indirect analysis must be made. After oxidizing one 
portion of the substance to phosphoric acid, determine the total phos- 
phorus as magiKisiurn pyrophosphate; allow mercuric chloride to act 
upon a second portion and determine the weight of mercurous chloride 
formed. From these data the amount of each acid present can be 
calculated as follows : 

Assume that a solution containing the two acids is being analyzed. 
Let X denote the weight of hypophosphorous acid present in V milli- 
liters of the solution. 

Let m, n, <?, and v repix^sent the following chemical factors: 


m = 

0 = 


2H3PO2 


1.686 


2 Hg2Cl2 . . 

hTpoT ^ 


2H3PO3 


1.357 


H3K)3 


Then ox is the weight of mercurous chloride produced from the 
hypophosphorous acid, and mx is the weight of magnesium pyrophos- 
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phate equivalent to the h3q)ophosphorous acid. Further, let y repre- 
sent the weight of phosphorous acid present in the same volume of the 
solution, vy the corresponding amount of mercurous chloride, and ny 
that of magnesium pyrophosphate. The total amount of the mercurous 
chloride is g, and the total amount of magnesium pyrophosphate is p. 
Then 

mx + ny = 'p 
ox + vy q 


from which it follows that 

and 


n V 

^ ~-V: 


on — mv on — mv 


— q- 

on — mv on — mv 


g- 0.1399 - p* 0.5933 
p- 1.474 - g- 0.1738 


Carbonic Acid, H 2 CO 3 . Mol. Wt. 62.02 

Carbonic acid is determined gravimetrically as CO2; it can also be 
determined by measuring the volume of the gas or by titrating with an 
acid to determine the amount required to decompose a carbonate. 

1. Gravimetric Determination of Carbon Dioxide 

This analysis may be accomplished in two ways. From the weighed 
substance, the carbon dioxide can be expelled and the loss in weight 
determined. Second, the carbon dioxide may be expelled from a 
weighed amount of the substance and then absorbed in a suitable 
apparatus; in this case the carbon dioxide is weighed directly. 

A. DETERMINATION OF CARBONIC ACID BY DIFFERENCE 
(a) Determination in the Dry Way 

For the analysis of a carbonate, or a mixture of carbonates which 
contains no volatile constituent other than the carbon dioxide, weigh 
out 1 g of the substance into a platinum crucible and gradually heat 
to a high temperature.* If calcium, strontium, or magnesium is 
present a final heating over the blast lamp or Meker is necessary; with 
other carbonates the heat of a good Tirrill burner is sufiicient; even 
the difficultly decomposable cadmium carbonate can be analyzed by 
this method. The carbonates of barium and the alkalies, on the 
other hand, do not lose their carbon dioxide by such ignition. 

* Carbonic acid cannot be determined by this method when the residual oxide 
suffers change, as, for example, in the case of FeCOs and MnCOs where an oxidation 
takes place. 
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If the substance contains water besides carbon dioxide, then the 
sum of the water + carbon dioxide is determined by the loss on ignition, 
and the amount of carbon dioxide is determined in a second portion 
by (6). 

(h) Determination in the Wet Way 

Principle. — Place the weighed carbonate in an apparatus containing acid, but 
ill such a way that the substance does not at first come in contact with the acid. 
Then weigh the whole apparatus, and allow the acid to act upon the substance; 
carbon dioxide is evolved and escapes from the apparatus. (Care must be taken 
that no moisture escapes with the gas.) By afterward weighing the apparatus and 
subtracting this weight from that first obtained, the weight of the carbon dioxide is 
ascertained. 

Procedure. — This analysis is easily accomplished, and a large num- 
ber of different forms of apparatus have been devised for the purpose. 

In this book, however, only one of these 
so-called alkalimeters will be described, 
namely, that of Mohr, which in an im- 
proved form is shown in Fig. 67, although 
it must be stated that many other forms 
{e.g., those of Bunsen,* Shrotter, Geissler, 
Fresenius-Will, etc.) answer the purpose 
equally well. 

The alkalimeter consists of the small, 
wide-mouthcKl, flat-bottomed flask F, which 
has a ground-glass connection with the 
tubes A and B. At the bottom of B place 
a loose wad of cotton; insert a cylinder of 
glaz(Hl paper about 3 cm wide into the neck 
of the tube, and through this cylinder pour 
small piec(^s of siftcid calcium chloride, f 
Rcanovo th(i paper cylinder after the tube is 
al)out three-quarh^rs full of calciiim chloride, 
F taking care that nom^ of it adhcires to the 
glass above the filled portion. Place another 
wad of cotton in the tube, insc^rt the top 
part, and dom the tubci tcanporarily at d 
by means of a pierce of stirring-rod within 

In the German edition of this book, Bunsca'B alkalimeter is desciribed instead 
of Mohr's. The above ap])aratus has the advantage of having a stopc.ock to separate 
the acid compartment from the flask, besides having a fhit bottom, upon which 
it will rest unsupported. It is all made of very thin glass and is comparatively 
light. 

t As commercial calcium chloride always contains a little free lime, some carbon 
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rubber tubing. The tube should be kept closed when not in use 
to prevent the gradual absorption of moisture from the air. Fill two 
ordinary calcium chloride tubes in the same way about two-thirds full, 
but in this case place softened cork stoppers at the end of the tubes 
after the second wad of cotton. Through a hole in each stopper intro- 
duce a short piece of glass tubing with rounded ends, and shove the cork 
far into the tube with the help of a stirring-rod, leaving the outer 2 or 
3 mm empty. Fill this empty space in the tube with molten sealing- 
w^ax, so that a perfectly air-tight connection is made. Close these tubes, 
when not in use, by pieces of stirring-rod within rubber tubing. 

Before beginning the determination the apparatus must be clean 
and dry. It is not advisable to dry the flask by washing with alcohol 
and ether, but it should be gently heated while a current of dry air is 
sucked through it. As aspirator an inverted wash-bottle may be used, 
from which the water is allowed to run out slowly through the shorter 
tube. During the aspiration the small calcium chloride tubes are 
connected with c and d respectively, so that no moisture can enter the 
flask. 

When all is ready transfer 1-1.5 g of the finely powdered substance, 
from a weighing-tube, to the flask and add a little water.* Now fill 
the tube A two-thirds full with 2.5 N hydrochloric acid by means of 
a small funnel or thistle tube, and turn the stopcock T so that none 
of the acid will run into the flask. Place the whole apparatus, as 
shown in Fig. 67, upon the balance pan and accurately weigh. Re- 
move from the balance; open the stopcock T so that the acid in A 
slowly drops into the flask. As soon as the evolution of carbon dioxide 
begins to take place quietly, allow the apparatus to stand without 
watching for 30 minutes. At the end of this time all the acid will 
have passed into the flask, and the decomposition will be nearly com- 
plete in most cases. It now remains to remove all carbon dioxide 
absorbed by the liquid and contained in the apparatus. This is eflected 
by gently heating the solution by means of a small flame until the acid 
just begins to boil, meanwhile aspirating a current of dry air through c 
and out at d. Not more than three or four bubbles of air per second 
should be allowed to pass through the flask. As soon as the boiling 
begins, remove the flame and continue passing a slow current of air 

dioxide will be absorbed by it and consequently low results obtained in the analysis, 
unless the calcium chloride is saturated with carbon dioxide before the analysis is 
made. 

* This method is often used for the determination of the carbonic acid in baking- 
powders. Such substances are decomposed by water so that they should be kept 
dry until after the apparatus has been weighed. 
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through the apparatus until it is cold. Then stopper and allow to 
stand near the balance for half an hour or more, after which weigh 
it again without the stoppers. The loss in weight represents the amount 
of carbon dioxide originally present in the substance as carbonate. 

Remark. — This method affords excellent results in the estimation of large amounts 
of carbonic acid, but it is unreliable for the analysis of small amounts such as are 
present in cements, etc. In such cases the Fresenius-Classen or Lunge-Marchlewski 
method is better. (See below and p. 352.) 

The objection to this method lies in the fact that owing to the size and weight 
of the apparatus, there is likely to be an error in making the two weighings.* On the 
other hand, it is somewhat easier to expel carbon dioxide from a solution than it is 
to absorb it quantitatively. Before ea(di weighing, dry the outside of the apparatus 
by wiping with a piece of chamois or clean linen. 

B. DIRECT DETERMINATION OF CARBON DIOXIDE 

Here again the determination can be carried out both in the dry and 
wet ways. 

(a) Determination m the Dry Way 

Weigh out 1-2 g of the substance into a porcelain boat, and shove the 
latter into the middle of a horizontally-held glass tube, about 20 cm 
long and 1-1.5 cm wide, and imuh of difficultly fusible glass. Both 
ends of the tube should provided with caiciurn chloride tubes con- 
nected with it by means of tightly-fitidng rublxu* stoppeu’s. Through 
one of the calcium chlorick^ tubers pa.ss a slow stn^am of air (free from 
carbon dioxide)! cormexit the otlu^r with two weighed soda-lime 
or ascarite tubes (cf. pp. 345, 362). IR^at tlu^ substance gradually until 
it glows strongly, nu^anwhile passing a slow but stc^ady current of air 
through the apparatus. When th(U*e is no furtlu^r heat effect to be 
detected in the abvsorption tulxis, allow tlxi substance to cool in the 
current of air and subsequently w(dgh th(> tulx^s. The increase of 
weight represents tlui amount of carbon dioxides. 

Eemar/c.-- This method can be employed for the analyKsis of all (^a,rboiiates with 
the exception of those of barium and (-he alkalies, J though, ol coursii, no other vol- 
atile acid (‘-an be present at the same time. Water is laqit liaek by the (jalcium 
chloride tubes. 


* There is some danger of losing a little hydr()(;hlori(wu‘.id gas during the op- 
eration. To prevent this the calc.iiim cliloride rnay he rei>la(‘ed by pumi(;c impreg- 
nated with anhydrous copper sulfate, or the (carbonate may }>e dec-omposcxl liy means 
of sulfuric- acid. 

t The air is passed through two wash-bottles containing (tausPh^ potash solution. 
t Even the carbonates of the alkalies and of barium can be analyzed in this way 
if they are mixed with potassium dichromatc. 
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(h) Determination in the Wet Way 

The apparatus for this determination is shown in Fig. 68. The decomposition 
flask F should have a capacity of about 250 ml; a wide-mouthed flask such as used 
for Soxhlet extractions is also suitable. The tube T of 8-mm diameter is made about 
50 cm long and acts as an efficient air condenser. If a hole is blown at E, the flow 




of gas from the decomposition flask is not impeded by condensed moisture during 
the experiment, but this is not very important. 

A and B are Erlenmeyer flasks of 100-125 ml capacity. A is empty but B con- 
tains enough concentrated sulfuric acid to act as a bubble counter and to show 
whether the apparatus is tight. C is a Midvale absorption tube containing some 
drying agent such as dehydrite, Mg (C104)2 *31120, between cotton plugs, and D is a 
similar tube containing ascarite (asbestos impregnated with NaOH) with cotton at 
the top and bottom. Instead of dehydrite, calcium chloride (of the grade marked 
'Tor drying tubes”), anhydrone, Mg(C104)2 or desicclora, Ba(C104)2, can be used. 

By means of K, a small screw clamp on rubber tubing which is connected with suc- 
tion, the rate of flow of gas through the apparatus can be regulated. G is another 
100-125 ml Erlenmeyer flask which is, at the start, about half full of normal HCL 
H contains ascarite. In the drawing a Midvale tube is shown at E, but a U::tube or 
any absorbing tower can be used equally well. The glass tubing that connects F 
and G should reach nearly to the bottom of each flask; it is well to make the tube 
a little narrower where it ends at the bottom of the flask F and to have the tip turned 
upward. 

For decomposing the carbonate, sulfuric acid, hydrochloric acid, phosphoric acid, 
perchloric acid, and chromic acid have all been recommended. In the analysis of 
baking-powders, no acid is required because water alone causes the decomposition; 
in this case the flask F must be perfectly dry at the start. 

If the substance contains besides the carbonate a sulfide which is decomposable 
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with acid, introduce before a and h a tube containing pumice impregnated with copper 
sulfate.* This serves to absorb all the hydrogen sulfide evolved. 

Procedure. — First make sure that the apparatus is tight. Have the 
flask G empty but pour enough water in the flask F to seal the end of the 
tubing. Close the pinchcock I on the rubber tubing at the extreme left 
of the apparatus so that air cannot enter there, and make sure that all 
the rubber stoppers are inserted tightly in the necks of the four flasks. 
Open the screw clamp K a little and apply gentle suction so that at first 
about 2 bubbles of air per second will pass through the liquid in B. If 
the apparatus is tight the current of air will soon slow down. When the 
air is passing at the rate of about 1 bul)l)lc in 2 seconds, close K tightly 
and take the rubber tubing off the suction pipe. There should now be 
no movement of air through tlie liquids in F or B. After a few mim 
utes, carefully allow air to enter the apparatus through tlie tubing at 1 
by squeezing the end of the tubing to tlio left of I between the thumb 
and finger and alternately releasing the pressure at I and between the 
fingers. If the apparatus is tight, there will flow a, bout as many bubbles 
of air through the apparatus as were withdrawn during the evacuation. 

During this testing, the tube I), which has been wiped dry with a 
clean linen cloth, should bo resting in the balance case. After it has 
been there at least 10 minutes, remove the ru])ber tubing from the ends 
of the capillary tubing and weigh it and its contents to 0.1 mg. Weigh 
accurately 0.5"0.6 g of carbonate into the dry flask F, and add enough 
water to seal the end of the tubing at the bottom of the flask. Con- 
nect the weighed ascarite tul)e to tlu^ front end of the train, place about 
50 ml of approxiiriai.ely N hydrochloric acid in the flask and make 
sure that the pinchcock I is open. Apply gentle suction, and regulate 
the screw clamp K so that about 2 bubbles of gas per second pass 
through the sulfuric acid in B. When all the acid has been drawn from 
G into the flask F, start heating t,he contents of F. During the heating, 
watch the glass tubing that connc(;ts tho flasks F a,nd G and do not let 
the liquid pass from F toward G, as will happen if the liquid in F is 
heated too rapidly. If the liquid starts going toward G, turn down 
the flame and, if necessary, increase the suction, h'inally boil the liquid 
in F for 1 minute. Then take away the flame and continue drawing 
air through the apparatus, at the rate of 2-fl bublflcs per second, for 
20 minutes longer, in order to get all the CJOo into i/he absorption tube D. 
After this, detach D from the train and connect i/he two open ends with a 
piece of rubber tubing, to prevent absorption of CO 2 from the air. 

* Cover 60 g of pumice pieces in a porcelain dish witli a conceritratod solution 
of 30-35 g of copper sulfate. 3?vaporato the solution to dryness with constant 
stirring and heat the residue at 150-160® for 4-5 hours. 
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Wipe the tube carefully with a piece of clean linen and allow it to stand 
in the balance case for 15 minutes. Remove the rubber tubing and 
weigh. The gain in weight represents absorbed CO 2 . 

Remark, — The results obtained by this method are perfectly satisfactory. For 
the analysis of substances containing small amounts of carbonate, take 3*10 g for 
the analysis. It is convenient to use another Midvale tube as a tare when weighing 
the tube D, then recording merely the difference in weight. Sulfites interfere with 
this determination, but the difficulty can be overcome by decomposing the carbonate 
with an excess of potassium dichromate solution and adding the dilute acid later.* 

The following method is an example of the analysis of a commercial 
carbonate. 


Analysis of Commercial White Leadf 

If the sample is in the form of a paste, or is a mixed paint, it is neces- 
sary to find the 

Percentage of Pigment — Weigh 15 g of the paste into a weighed 
centrifuge tube. Add 20 ml of an extraction mixture made by mixing 
10 volumes of ethyl ether, 6 volumes of benzene, 4 volumes of methyl 
alcohol and 1 volume of acetone. Mix thoroughly with a stirring-rod 
and wash off the rod with more of the extraction mixture, finally di- 
luting to 60 ml with the same. Place the tube in a container of a 
centrifuge, surround with water, balance with a similar tube on the 
opposite arm and whirl at a moderate speed until the precipitate has 
settled well. Decant off the clear liquid and repeat the treatment 
with two more 40-ml portions of the extraction mixture and finally 
with 40 ml of ethyl ether. After pouring off the clear ether, remove 
the rest by placing the tube in a beaker of water heated to 80°. Fi- 
nally dry 2 hours at 110°, cool, weigh, and calculate the percentage of 
pigment. Grind to a fine powder and pass through a No. 80 screen to 
remove skins. Preserve the dry sample in a glass-stoppered bottle. 

* E. R. Marie, J . Chem. Soc., 95 , 1491 (1909). If it is desired to determine a small 
quantity of carbon dioxide in a gas containing considerable hydrochloric acid and 
hydrogen sulfide, use a tube containing finely divided metallic copper, instead of the 
pumice and copper sulfate to absorb the hydrogen sulfide, and a tube containing 
p-nitroso-dimethylaniline to absorb hydrochloric acid, Vernon and Whitby, J. Soc. 
Chem. Ind., 47, 257 (1928). 

t This method given here is based on the Tentative Methods of the American 
Society of Testing Materials and Circular No. 84 of the U. S. Bureau of Standards. 
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Total Lead and Insoluble Impurity. — Moisten 1 g of the pigment 
with water and dissolve in 25 ml of GiV nitric acid in a covered beaker. 
Heat until all carbon dioxide is expelled, dilute and filter off any dis- 
solved impurity. Dry at 110° and compute the percentage of insol- 
uble matter. Add to the filtrate 20 ml of 18 N sulfuric acid, evaporate 
to fumes and determine the lead according to p. 185. 

Metallic Lead. — Weigh 50 g into a 400-ml beaker, add a little water 
and 60 ml of 40 per cent acetic acid, taking care to avoid loss by effer- 
vescence. Heat to boiling, fill the beaker with water, decant off the 
solution, and digest the residue with 60 ml of a mixture of 360 ml 
of concentrated ammonium hydroxide, 1080 ml of water, and 2160 ml 
of 80 per cent acetic acid. Boil, fill the beaker with water, decant, and 
filter. Collect the residue on a watch glass and float off everything 
but the metallic lead. Dry at 110° and weigh. 

Carbon Dioxide. — Take 1 g of the pigment and analyze as described 
on p. 346. 

Acetic Acid. — Place 18 g of pigment in a 500-ml flask, add 40 ml 
of sirupy phosphoric acid, 18 g of zinc dust, and 15 ml of water. Dis- 
til through a Liebig condenser till only a small volume of liquid is left. 
With the condenser still in place, pass steam into the distilling flask 
until it is half full of condensed water, then distil again to a small vol- 
ume. Repeat the steam treatment twice more. To the total distil- 
late add 1 ml of sirupy phosphoric acid and distil down to 20 ml, using 
a splash trap between the flask and the condenser. Introduce steam 
until 200 ml of water condense in the distilling flask and again distil. 
To each 200 ml of distillate add phenolphthalein indicator solution and 
titrate with 0.1 iV" sodium hydroxide. Keep on distilling, with inter- 
mediate treatment with steam, until 10 mi of distillate require only 1 
drop of O.lN alkali solution to color phenolphthalein. One milliliter 
of 0.1 iV caustic alkali solution reacts with 0.006004 g of acetic acid or 
0.005103 g of acetic anhydride. 

Determination of Total Amount of Carbonic Acid in Mineral Waters 

Place 3-4 g of freshly burnt lime* and the same amount of crystal- 

* To prepare this lime absolutely free from carbonatic, place the lime in a tube 
of difficultly fusible glass and heat in a small combustion furnace, meanwhile passing 
a current of dry air free from carbon dioxide over it. In this way 4 g of commercial 
lime can be freed from carbonate in 30-45 minutes. That the carbon dioxide is 
actually removed can be shown at the end of that time by passing the escaping air 
through baryta water; there should be no turbidity. A blank experiment should 
always be made with this lime. If it is desired to use ctommercial lime for the 
determination, determine the amount of carbonate present and use an accurately 
weighed amount for the analysis. 
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lized calcium chloride* in each of from 4-6 Erlenmeyer flasks whose 
necks are of such a size that they will each fit the apparatus shown in 
Fig. 68. Close the flasks by means of tightly fitting rubber stoppers 
and accurately weigh. Take a double-bored rubber stopper of such a 
size that it will fit into the neck of each of the above flasks and through 
one of the holes fit a short glass tube which reaches about 3 cm above 
the stopper and the same distance below, and through the other hole 
insert a glass tube about 50 cm long which likewise reaches about 3 
cm below the stopper. To fill the weighed flasks with the water to be 
analyzed, take them to the spring, and fill one after another as follows: 
Replace the solid rubber stopper by the one fitted with the 2 tubes, 
hold the thumb over the shorter of the tubes, and dip the flask well 
below the surface of the water, but so that the longer tube still reaches 
into the air above. Now remove the thumb from the shorter tube; 
the spring-water will pass into the flask and the replaced air will escape 
through the long tube. As soon as the flask is almost full, again close 
the shorter tube with the thumb, remove the flask from the water, 
and once more quickly interchange the stoppers. To make sure that 
the solid stopper is not loosened while carr3dng the flask back to the 
laboratory, cover it with a piece of parchment paper, and tie it with 
string to the neck of the flask. Allow the flasks and contents to stand 
several days with frequent shaking. AU the carbonic acid of the spring- 
water will then have reacted with the lime and be precipitated as cal- 
cium carbonate. Allow the precipitate to settle and weigh. The gain 
in weight represents the weight of water taken. Quickly pour off the 
supernatant liquid through a plaited filter, quickly throw the filter 
and its contents into the decomposition flask, connect with the train 
shown in Fig. 68, and determine the carbon dioxide as in the previous 
method. 

This method is capable of yielding excellent results provided the 
flasks can be filled as above described. Often, however, the spring is 
not easily accessible, so that the flasks must be filled by a different 
method and usually a small amount of carbonic acid is lost during the 
operation. A much more expeditious and accurate procedure which 
can be performed within one hour at the spring, consists in the deter- 
mination of the total amount of carbonic acid present in mineral waters 
by measuring the volume of the gas.f 

* The addition of calcium chloride serves to decompose any alkali carbonate. 
This is not quantitatively decomposed by lime alone, particularly when magnesium 
carbonate is present. 

t Cf. the modified method of Pettersson on p, 357. 
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2. Gas-volumetric Determination of Carbonic Acid 
(a) Method of 0. Pettersson* 

This excellent method, upon which the two following procedures 
are based, consists in evolving carbon dioxide from carbonates by the 
action of acid, collecting the gas over mercury and computing its weight 

from its volume. Pettersson’s 
apparatus is shown in Fig. 69, 
and was used by him for the 
determination of the carbonic 
acid in sea-water and in car- 
bonates, and also for the de- 
termination of carbon in iron 
and steel. The procedure for 
determining the carbonic acid 
in a water containing small 
amounts of free carbonic acid 
but considerable carbonate 
will suffice to show how the 
apparatus is used. Fill the 
decomposition flask K with 
distilkid water up to the mark 
just below the side-arm (the 
mark is not shown in the illus- 
tration). By weighing the 
flask both empty and with this amount of water, the volume of the 
flask when filled to the mark is obtained. Drop in a small piece of alu- 
minum wiref and connect the flask with the rest of the apparatus as 
shown in the figure. All the rubber tubing should be firmly fastened 
to the glass by means of wire. Close the cocks a, 6, and d, open c, and 
remove the air in the m(^asuring-iu]>ie by raising M until the mercury 
rises in the capillary up to the crossing point. Aft(U' this close c, open 
a, lower M, and slowly open thci screw-cock d. Jiy this means the 
hydrochloric acid in N is introdiKUKl into the flask K. Allow the acid 
to run into the flask until the upper part of the apparatus is reached, 
then close d and a. Remove the air in the m(uisuiirig-iube (which does 
not contain an appreciable amount of carbon dioxide) by opening c 
and raising M, after which again close c. Now onccj more open a, lower 
M, and heat the liquid in K by a flame. 

A lively evolution of gas at once euvSiies. As soon as the measuring- 



* Ber., 23, 1402 (1800). 

t At 720 ram and 15'’ C, 0.0142 g aluminum evolves 20 ml of moist hydrogen. 
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tube is almost filled with the gas, close a, remove the flame from under 
K, raise M until the mercury within it stands level with that in the 
measuring-tube, and read its. position in the latter. At the same time 
note the barometer reading and the temperature of the cold water which 
surrounds the measuring-tube. After this open b and raise M, whereby 
the gas passes into the Orsat tube 0 which contains caustic potash solu- 
tion (1:2). As soon as the mercury has reached the juncture of the 
horizontal and vertical tubes, close b and allow the gas to remain in the 
Orsat tube for 3 minutes. Once more transfer the unabsorbed gas into 
the measuring-tube, taking care that none of the caustic potash solution 
comes with it (the latter should not quite reach the stopcock b). After 
bringing the gas to the atmospheric pressure, read the volume of the 
gas, the thermometer, and the barometer. As a rule, these readings 
of the barometer and thermometer remain constant; otherwise it is 
necessary to reduce the gas volumes in each case to 0° C and 760 mm 
pressure. The difference between the two volumes represents the 
amount of the carbonic acid gas. Remove the unabsorbed gas through 
c and repeat this whole operation of collecting the gas and absorbing 
the carbon dioxide until finally no more gas is given off from the liquid 
in K, 

If it is desired to determine the amount of carbonate in a solid sub- 
stance, a smaller decomposition flask should be used. Add the alu- 
minum wire to the weighed substance and exhaust the apparatus by 
repeatedly lowering M, closing a, opening c, and then raising M. Fi- 
nally allow the acid to act upon the substance and carry out the de- 
termination exactly as described above. 

Computation of the Analysis. — Assume that from a grams of sub- 
stance Y milliliters of carbon dioxide were obtained, which was measured 
moist at f C and B millimeters pressure. First of all reduce the volume 
to 0° C and 760 mm pressure by the following formula: 

_ 7(R-^)-273 
760(273 + 0 

In this formula, w represents the tension of aqueous vapor expressed 
in millimeters of mercury. 

Since the density of carbon dioxide is 1.529* referred to air as unity 
and 1 ml of air at 0° and 760 mm pressure weighs 0.001293 gf, evi- 
dently 

1 ml CO 2 weighs 0.001293 X 1.529 = 0,001977 g at 0° and 760 mm 

* Cf. Lord Rayleigh, Proc. Roy. Soc.j 62 , 204 (1897); Guye and Pintza, Mem. soc. 
phys. hist, nat Geneve 36 , 569 (1908). According to these values the gram-molecular 
volume of carbon dioxide is 22.25 1. 

t Landolt-Bornstein, Phys. chem. Tahellen. 
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and Vq milliliters weigh V X 0.001977 g. The percentage of CO 2 in the 
original substance is then 


7q X 0.1977 
a 


= per cent CO 2 


RemarJc. — The addition of aluminum is absolutely necessary. By boiling an 
acid solution, carbonic acid is not completely expelled; this is effected only when a 
different gas simultaneously passes through the solution. Formerly it was customary 
to pass air through the apparatus, but Pettersson accomplished the same purpose 
by generating hydrogen within the liquid itself. 


(6) Method of Ltmge and MarMewski^ 

Lunge and Marchlewski carry out the determination according to 
the same principle as that of the above process; Le., by simultaneously 
evolving hydrogen (aluminum and hydrochloric acid), measuring the 
gas, and absorbing the carbon dioxide by means of caustic potash in an 
Orsat tube. 

The apparatus which they recommend is shown in Fig. 70, 6. It 
consists of the 40-ml decomposition-flask N, the 140-ml measuring- 
tube A, the compensation tube C, and the levcling-tube B] the three 
last are connected together as shown in the figure. 

In the case of all gas-volum(‘.tric methods, the volume of the measured 
gas must be reduced to 0° C and 760 mm pressure, which ordinarily 
requires a knowledge of the ie.rnpcjral.un'. and the l)arometric pressure. 
In this method the reduction is accomplished without paying any 
attention to the actual ixiadings of the tlu^rmomoter and barometer by 
means of the compensation tube C, which contains a known amount of 
air, viz., that amount of air which in ti dry condition assumes a vol- 
ume of 100 ml at 0° C and 760 mm pn^ssurci. If, tluaxvfore, this amount 
of air has a volume of F' at f and a.i/mospli(U'ic pressure P' (with the 
mercury at thcj sanies level in B and (7), we know that this volume of any 
gas would be equal to 100 ml at 0° C and 7(K) mm pressure. By raising 
the leveling-tube B so lugh that V' milliliters is compressed to 100 ml, 
we have accomplished the reduction in a mcichanical way. If, however, 
there is a gas volume F" in the rn (iasuring-tulx^ A under the same pres- 
sure as that in the compensation tube (this is the case whem the mercury 
level is the same in A and C), we can reduces this volumes to the standard 
conditions by simply raising B until the volume of the gas in C is just 
100 ml, taking care that the mercury remains at the same height in the 
tubes A and C. The volume of the gas F," in A corresponds, therefore, 
to the volume of this gas at 0° C and 760 mm pressure, for it has been 


* Zeitschr, angew, Chem., 1891, 229. 
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compressed to the same degree as the gas in C. This is apparent when 
we remember that at a constant temperature the product of the pressure 
into the volume remains a constant for any gas. 



Fig. 70. 


In the compensation tube we have the volume 7' at atmospheric 
pressure P', and after compression the volume becomes Fo' == 100 ml 
and the pressure is Po, from which it follows: 

1. 7'P' - Fo'Po 
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In the measuring-tube A, we have the volume Y" at the atmospheric 
pressure P', and after compression this volume becomes Fo", and 
the pressure Po, so that 

2. Y" ■ P' = 7o"Po 

By dividing equation 1 by equation 2 we have: 

F' • P' _ Fo' • Po 

F" • P' Fo" • Po 

or 

V : F" = Fo' : Fo" 

and Fo" is, therefore, the reduced gas volume that is desired. 

Before using the apparatus for the determination, it is necessary to 
fill the compensation tube with the correct amount of air; this is ac- 
complished as follows: 

First of all, calculate what would be the volume of 100 ml of dry air 
measured at 0° C and 760 mm pressure when measured moist at the 
temperature of the laboratory and the prevailing barometric pressure. 
To illustrate, assume t = 17.5° C; P = 731 mm; w = 14.9 (tension of 
aqueous vapor) ; then 

100 X 760 X 290.5 , 

In such a case introduce 112.9 ml of air into the tube C by removing 
the stopper and lowering the leveling-tube until the mercury in the 
compensation tube stands at exactly 112.9 ml. Add a drop of water by 
a pipet, immediately stopper the tube and make an air-tight seal by 
covering the tube with mercury. Then press down a rubber stopper 
containing a glass tube into D. After this the temperature and pressure 
may vary as much as it will; the reduced volume of the air in C will 
always be equal to 100 ml. 

Procedure for the Analysis. — Weigh out about 0.08 g of aluminum 
wire, le., enough to furnish approximately 100 ml of hydrogen, into the 
decomposition flask. Add a sufficient weight of the substance to be 
analyzed so that about 30 ml and no more of carbon dioxide will be 
generated, and connect the flask with the funnel tube M, and capillary n. 
Also make connection with the tube A after it has been completely filled 
with mercury by raising B. Exhaust the air from N by lowering B, 
opening h so that e is connected with A, then closing h by turning it 90°, 
and carefully raising B until the mercury stands at an equal height in 
A and B; after this turn h so that A is connected with the capillary d, 
and expel the air in A. After repeating this process 3 or 4 times until 
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finally only 2-3 cm of air remain in A, lower B, add the necessary vol- 
ume of 3 iV hydrochloric acid to M, carefully open h, then m until 10 ml 
of the acid have run into the flask N, when m 
is once more closed. The carbon dioxide 
evolution begins at once and the mercury 
level quickly falls in A. Heat the contents 
of the flask to boiling over a flame and main- 
tain this temperature until all the aluminum 
has dissolved. During the whole operation 
the mercury level in B must be kept lower 
than that in A. In order to transfer the gas 
remaining in the flask N into the tube A, fill 
M with distilled water, slowly open m and 
allow the water to run into N until the stop- 
cock h is reached, then immediately close A. 

Compress the gas by raising the tube B until 
the mercury stands at the same height in A 
and C and the level in the latter tube is 
exactly at the 100-ml mark. Read the vol- 
ume of the gas. After this connect the 
capillary d with an Orsat tube jfilled with 
caustic potash (1:2) (Fig. 71), drive over the 
gas in A into the Orsat tube, allow to stand Fig. 71. 

3 minutes, and transfer the unabsorbed gas 

to Aj where its volume at 0° C and 760 mm pressure is determined 
as before. The difference in the two readings represents the volume 
of the carbon dioxide, and the percentage can be computed according 
to the formula 

Per cent CO 2 0.1977 •- 

a 

in which 7 is the amount of carbon dioxide absorbed in the Orsat 
tube and a represents the amount of substance taken for the analysis. 

Remark. — This is the most exact of aU methods for the determination of carbon 
dioxide in solid substances and is accomphshed quickly. It is to be recommended 
where carbon dioxide determinations must be made daily, as, for example, in cement 
factories. It is necessary, however, to test the volume of the gas in the compen- 
sation tube from time to time to make sure that it really corresponds to 100 ml of 
air under the standard conditions of temperature and pressure. 

For a single determination the author prefers to dispense with the compensation 
tube. In this case, however, the collected gas must be kept surrounded by water 
at a definite temperature, as in the Pettersson method, and the temperature and 
pressure must be observed. It is also well to make these readings in the above- 
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described procedure, to be sure that the volume in the compensation tube has 
remained constant. 

(c) Method of Lunge and Bittener'^ 

In the decomposition flask Fig. 72, place 0.14-0.15 g of calcite, 
or a corresponding amount of any other carbonate, and fasten a small 

piece of aluminum wire, weighing about 
0.015 g, to the neck of the flask. Allow 
about 1 ml of water to flow through the 
funnel, T, and then connect the capillary 
with the dry Bunte buret. Close the stop- 
cock of the funnel T and open the two 
cocks of the Bunte buret. Connect the 
lower stopcock, ^i, with the suction pump, 
and produce a partial vacuum in the buret 
by letting the pump run 2-3 minutes, after 
which close hi. Now from the funnel 
allow 2.5 N hydrochloric acid to flow upon 
the substance until it is decomposed com- 
pletely; then heat the liquid to boiling, f 
taking care thn.t no water gets into the 
buret. Add acid from T until the aluminum 
wire is reached and lu^at the flask again. 
The hydrogen now evolved serves to expel the last traces of carbon 
dioxide from the flask. As soon as all the aluminum is dissolved, add 
hydrochloric acid through the funnel until the liquid reaches the stop- 
cock h, which is then c1os(k 1 at once. Now connect the lower end, a, 
of the buret by rublxu’ tubing wdth the hwcling-tubci N, which contains 
a saturated solution of common salt. By caixifully opening the lower 
stopcock hi allow the salt solution to riso in the buret until the liquid 
there stands at the same height as in the lov(4ing-tube, whereupon the 
stopcock hi is closed. Allow the apparatus to stand for 20-25 minutes 
so that the temperature of the ga,s will be that of the surroundings and 
then, by suitably raising or lowering the leveling-tube with hi open, read 
the buret, the thermometer, and the l)arom(d.er. Fill the funnel T' of 
the buret with strong potassium hydroxide solution (1:2) and produce a 
partial vacuum in the Imret, by lowering the lev(4ing-tube and opening 
the stopcock hi. 

Allow the caustic potash solution to run into the buret by opening 

* Z. angew. Chem.j 1906, 1849. 

t Carbonates, such as magnesite, dolomite, or sideritc, are decomposed so slowly 
by cold, dilute acid that it may be added much more (piicldy than prescribed above. 
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the upper stopcock A, but closing it before the last few drops of liquid 
leave the funnel. Mix the contents of the buret by shaking. By 
repeating the operation it is easy to tell whether the absorption of car- 
bon dioxide has been complete. Read the residual volume with the 
usual precautions and the difference between the two readings gives 
the volume of the carbon dioxide.* 

Compute the weight of carbon dioxide exactly as described on p. 351, 
except that the vapor tension of the saturated salt solution only amounts 
to 80 per cent of the tension of pure water at the same temperature. 


Example: Weight of substance = a Temperature = t° 

Volume of hydrogen + air + CO 2 = Vi Barometer = B mm 

Hydrogen -f- air = F 2 Tension of aqueous vapor == w mm 

CO 2 = Fi — F 2 Tension of salt solution = 


The volume reduced to 0® and 760 mm, is, therefore: 

•r, _ (Fi - F 2 ) • {B - QBw) 273 
° 760 (273 -h^) 


and the percentage of CO 2 in the substance (see p. 352) is 


Fq X 0.1977 
a 


= per cent CO 2 


For the determination of carbon dioxide in mineral waters this apparatus is not 
suited; for this purpose the author has modified the Pettersson apparatus as shown 
in Fig. 73. 


(d) The Modified Method of Pettersson 

For decomposition flasks, use 70-200 ml Erlenmeyers (according to 
the supposed amount of carbonic acid) and etch the exact capacity of 
each flask upon it. To determine this, provide each flask with a tightly 
fitting stopper of gray (not red) rubber containing one hole, through 
which the small tube R is introduced. Fuse together the bottom of R 
but near the bottom make a small hole. 

Push the tube R into the stopper until the small opening can be 
seen just below the bottom of the rubber stopper, and press the stopper 
as far as possible into the Erlenmeyer flask full of water. By this 
means some of the water passes from the flask into the tube R. Then 
raise the latter as is shown in Fig. 73, 6; in this way an air-tight seal is 
made. 

Remove the water in R by fiOlter paper, and weigh the flask and con- 
tents to the nearest centigram. By deducting from this the weight 
of the empty flask together with the rubber stopper and R, the weight 


* This is true if the temperature and pressure are the same as before the absorption 
of the CO 2 . If not, both volumes must be reduced to 0° and 760 mm pressure before 
the difference is found. 
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of the water, i.e.^ the volume of the flask, is obtained. By means of 
a piece of gummed paper fastened to the flask, note the position of the 
lower edge of the rubber stopper. Empty the flask, dry, and cover the 
neck of the flask as well as the paper strip with a thin coating of wax. 
Along the edge of the paper where the bottom of the rubber stopper 

came on the flask, cut a 
sharp line in the wax by 
means of a knife and write 
the capacity upon the wax 
with a pointed file. Etch 
these lines upon the flask 
by exposing them to the 
action of hydrofluoric acid 
for 2 minutes. Wash off 
the excess of the acid, dry 
the flask, melt the wax, 
and wipe off with filter 
paper. The flask is now 
ready to be used for the 
analysis. 

Place about 0.04 g of 
aluminum in the flask, and 
fill it by dipping into the 
spring. When this is not 
p()ssi])l(^, place a piece of 
rubber tubing in the bottle 
containing the water to be 
analyziod, so that it reaches 
to the bottom, and siphon 
th(5 wat(u* into the flask for 
Fig. 73. 2 -3 minutes. After this, 

close th(‘ filled flask by the 
rubber stopper with the tube R so that the bottom of the stopper reaches 
just to the mark again. Raises the tube R (Fig. 73, h) and wash out the 
spring-water within the tube by a stream of distilhid water from a 
wash-bottle. Then connect the fhnsk with the bulb tube P (of about 
40-ml capacity), whicli in turn is connected with the iruiiisuring-tube B. 
Place P in a condenser through which a stream of ordinary water 
constantly flows. Now corinc^ct the reservoir N' with the flask as shown 

* With water containing mu(!h (tarbonic acid, cool the flask and its contents 
by ice in order to prevent it from breaking. 
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in the figure and close the screw-cock H. All rubber connections must 
be tightly fastened with wire. 

Exhaust the bulb P by lowering N so that the air passes into B, 
whence it is driven into the Orsat tube 0 by turning the stopcock M 
and raising N. Repeat this operation 4 times. Then remove the air 
from the Orsat tube by suction through the right-hand capillary and 
change the stopcock to its original position as shown in the figure. 
Now press down the tube R into the flask so that the small opening 
reaches below the lower surface of the stopper. 

Usually carbon dioxide is immediately evolved and the mercury in 
B at once begins to sink slowly. Hasten the evolution of the gas by 
gently heating the contents of the flask. As soon as the measuring- 
tube is almost entirely filled with gas, remove the flame, close M, and 
bring the contents of B under atmospheric pressure by -raising N until 
the mercury in the two tubes is at the same height, and read its position 
in P. Take the temperature of the water surrounding B, read the 
barometer,* drive the gas over into the Orsat tube and allow it to re- 
main there. Repeat this boiling, measuring, and driving over of the 
gas until only a slight gas evolution can be made to take place. In 
this way all the free carbon dioxide and a part of that present as bicar- 
bonate is driven off, while that present as normal carbonate together 
with the rest of the bicarbonate remains in the flask; the liquid in the 
Jflask is usually turbid at this point owing to the precipitation of alkaline- 
earth carbonates. Now fill the reservoir N' with 4N hydrochloric 
acid (1:2) and remove the air from the rubber tubing by raising N' 
high and pinching the tubing with the fingers. Place the leveling-tube 
iV in a low position, open H, and allow a little acid to run into K, after 
which H is again closed. As soon as the acid reaches the contents of K, 
a lively evolution of carbon dioxide ensues, which is afterward hastened 
by gentle warming. When the measuring-tube B is nearly filled, read 
its contents and drive over into the Orsat tube as before. Repeat the 
addition of the acid, etc., until finally the liquid in K clears up and the 
aluminum begins to evolve a steady stream of hydrogen, then heat the 
contents of the flask to boiling, but take care that none of the liquid in 
the flask is carried over with the escaping gas. As soon as the aluminum 
has completely dissolved, lower N, open H so that the flask is filled 
with the hydrochloric acid solution and the last portions of the gas are 
carried over into the measuring-tube B. As soon as the acid has reached 
the stopcock M, close it, and after reading the volume of the gas as 
before, transfer it to the Orsat tube. After remaining there 3 minutes 

* If this analysis is made at the spring, it is necessary to have a sensitive aneroid 
barometer at hand. 
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bring back the unabsorbed gas to B and subtract its volume from the 
total amount of gas which has been expelled from the water that was 
analyzed. This difference represents the volume of the carbon dioxide 
gas. By correctly adjusting the current of water flowing through the 
condenser, the temperature at which the gas is measured will remain 
constant during the entire experiment. 

From the volume of the absorbed carbon dioxide the percentage 
present is computed as was shown under the Pettersson method. 

Determination of Carbonic Acid in the Air 

See Part II, Acidimetry. 

Determination of Carbonic Acid in the Presence of Other 
Volatile Substances 

(а) Determination of Carbonic Acid in the Presence of Chlorine 

If it is desired to determine the amount of carbonate present in com- 
mercial chloride of lime, chlorine will be evolved with the carbonic 
acid on treatment of the solid substance with hydrochloric acid, so that 
neither the direct nor the indirect method will give correct results. 
The determination ciin easily bo (effected by the following procedure: 

Decompose the chlorides of lime with hydrochloric acid and pass the 
evolved gases (CX)a + Ch) iuliO an ammoniacai solution containing 
calcium chloride.* Aftca* standing sevcu'al hours in a warm place, 
quickly filter off the pr(^cipitat(^, wa.sh with water, and determine the 
carbonate in the pr(K‘ipitaic‘d calcium carbonate by one of the usual 
methods. 

Remark. Oti ('.oiiductiu^i; ilic niixtun^ of chlorhic and (^nrhon dioxide into the 
ammoniaeal solution of (;al(5iimi (shloridc^, tlie (diloriiui is ehanged into ammonium 
chloride with evolution of riitro^^en, S NIfs d-d Ct. “ 0 NUdCl N^, while the 
carbon dioxide is absor]>ed hy the ammonia, formin^i; ammonium carbonate, which 
is precipitated by the calcium chloride as (uilcium carbonate. 

(б) Determination of Carbon Dioxide in the Presence of Alkali 

SulfkieSj Sulfites, or Thiosulfates 

Treat the solution to be analyzed with an excess of a solution of 
hydrogen peroxides coni,aining potassium liydroxide, but free from car- 
bonate. Boil to destroy the exo(iSS of the hydrogen pciroxide, concen- 
trate, and determine the carbonate preferably by the Fr(is(mius-Classen 
method (p. 346). 

* Dissolve 50 g of crystallized calcium chloride in 250 ml of water, add 500 ml 
of concentrated ammonia water, and allow the mixture to stand at least 4 weeks 
before using. 
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Determination of Carbon 

(1) In Iron and Steel 

(2) In Organic Compounds. 

Carbon occurs in iron and steel as carbide, as a solid solution of car- 
bide in iron, as graphite, and as temper carbon. Iron carbide, FesC, 
is often called cementite. The properties of iron and steel depend not 
only upon the chemical composition of the material but also upon the 
treatment which has been given to it. Thus a steel with a given per- 
centage of carbon may be very hard if it has been cooled quickly from 
say 1000°, or it may be much softer if it has been annealed. By pol- 
ishing a piece of metal and etching the surface, it is possible to estimate 
by microscopical examination the percentage of carbon present, the 
heat treatment which has been given to the specimen, and whether the 
material is homogeneous. In testing steel and other alloys the work of 
the chemist should go hand in hand with that of the metallographer as 
either is likely to be led astray without the other. 

In the chemical analysis of iron and steel the total carbon is usually 
obtained by combustion. In this country, this is usually done in the 
dry way with an electric furnace. In some parts of Europe a wet com- 
bustion, or oxidation by a mixture of chromic and sulfuric acids, is pre- 
ferred. For a long time it was considered desirable to remove the iron 
by volatilization in a stream of chlorine (Wohler) or by treating the metal 
with a solution of double chloride of copper and potassium (Berzehus- 
Richter), but at a temperature of 1100° it is possible to get complete 
oxidation of the sample without removing the iron, and the procedure is 
thus shortened. 

The combined carbon is sometimes determined quickly by matching 
the color of the solution obtained by dissolving the steel in nitric acid, 
but the color is not strictly proportional to the carbon content and a 
hardened steel gives a different color from that given by an annealed 
steel with the same carbon content. If speed is required, it is possible 
to determine carbon by combustion in less than 10 minutes, so that there 
is no longer any excuse for carrying out the colorimetric determination 
except in small steel works with limited laboratory equipment. 

(a) Determination of Total Carbon by Direct Combustion in Oxygen 

Combustion tube and furnace. — The combustion should take place 
in a platinum, glazed porcelain, or silica combustion tube, which is so 
arranged that no compounds of carbon other than those obtained from 
the burning sample can possibly contaminate the current of gases flow- 
ing through it. The temperature of the portion of the tube occupied 
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by the sample should be maintained between 1050 and llOO'^ and the 
furnace should preferably be of the electric resistance type (Fig. 74). 

Boats and lining. — Platinum, nickel, alundum, or clay boats may 
be used (Fig. 75), provided that the nickel, alundum, and clay boats 
are first proved to give no blank or a constant one of not over 0.0005 g. 
The lining or bedding material for the sample may be alundum, chrome 
brick, emery, or sand, provided the combined blank of boat and lining is 



Fig. 75. Fig. 76. 


constant and not over ().0()05 g. To prevent injuring the combustion 
tube a shield of pure sheet nickel should encase the boat when in the 
tube. 

Absorption tubes . — The glass absorption tube (Fig. 76) should be 
filled with soda-lime with phosphorus pentoxide on top or with ascarite 
(asbestos impregnated with anhydrous NaOH), using a plug of cotton at 
the top and bottom to prevent any loss of dust while the gas is passing 
through it. It should stand 20 minutes by the balance case before 
weighing. It should always be weighed filled with oxygen and against a 
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counterpoise. The absorption tube should be followed by a phosphorus 
pentoxide guard tube and a bubble tube containing a saturated solution 
of barium hydroxide as an “ exhaustion indicator/^ 

The combustion train recommended by Stetser and Norton* is shown 
in Fig. 77. A and B are 8-1 aspirator bottles, B is filled with oxygen 
through the reducing valve N; the upper bottle is graduated for each 
250 ml. The pressure of water from A forces oxygen into the furnace 



and the volume used is measured by the fall of water in A. C is a glass 
stopcock to be closed when filling B with oxygen. D is an empty 
safety bottle. Bottle E is one-third filled with concentrated sulfuric- 
acid, and F contains ascarite. J contains 80-mesh zinc and K a little 
concentrated sulfuric acid. M (cf . Fig. 76) is the absorption bulb with 
ascarite which is a dehydrating agent itself so that no phosphorus 
pentoxide is required. Two of the ascarite bulbs should be filled and 
one used as a tare in weighing the other. A pair of the bulbs should 
accomplish about 140 combustions. 


Iron AgOj 102, No. 8. 
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The directions of Stetser and Norton emphasize the following pre^ 
cautions which are necessary for accurate work. 

1. First test the apparatus to see if it is tight; with C open and K 
closed the pressure from A should not cause gas to bubble through E 
and K after a few minutes. Then close C and slowly open the stop- 
cock on IL Fill B with water, open the gas regulator valve, and force 
the water from B into A. Wlien A is full of water, close the regulator, 
and the train is ready for combustion. 

2. For the combustion of 1 g of steel, about 300 ml of oxygen are 
required. Allow about 500 ml for the combustion and an equal voh 
ume to sweep out the carbon dioxide into the absorption tube. The 
gas will flow rapidly through the liquid in E when the sample starts to 
burn and will slacken when the combustion is finished. Place ignited 
asbestos in the front end of the tube. 

3. A freshly filled absorption bulb should be run on the train for an 
hour and then weighed. Pass 2 1 more of oxygen through the hot 
furnace and again weigh. The bulb should show less than 1 mg change 
in weight. It is well to check the efficiency of the apparatus by oc- 
casionally running a standard steel which can be obtained from the 
Bureau of Standards at Washington, D. C. 

Procedure. — Connect the absorption tube M, with the cocks closed, 
to the train shown in Fig. 77, the guard tube, and tlie “ exhaustion in- 
dicator.^^ Placci 1™3 g of weighed siunple free from oil in a furrow in the 
bedding material in the boat so that the particles are in intimate contact. 
Introduce the boat into the hot combustion tube, close the tube, open 
the abvSorption tube, and turn on the current of oxygen. The rate of 
flow of the oxygen shoiild be between 200 and 400 ml per minute and 
should continue for 10 minutes. Them close the absorifllon tube, turn 
off the oxygen, and place the al)Sori)iion tube in the balance case. Re- 
move the boat from the tube and (‘xamine the oxi<l(i of iron for complete 
fusion. If the fusion hns not })een comphfle repeat the determination. 

The absorption, tube and c()un(,(U‘j)()is(q before being placed on the 
balance pan, should both be rnonumtarily opemed to the air to bring the 
pressxire inside to that of the atmosj)herc. The increassc in weight of 
the tube multiplied by 27.3 and divided by the weight of the sample 
in grams is equal to the percentage of carbon. 

Note: In the case of alloy steels it is advisable to heat the (:hii)8 to dull redness 
before turning on the oxygen and to employ a temperature of at least 1 100° C. 

Instead of absorbing the COa formed by c.ombustion and basing the analysis upon 
the gain in weight of the absorption tu})C a number of other methods have been 
devised. Often the COo is absorbed in a solution of Bn, (011)2. If a measured volume 
of barium hydroxide solution of known strength is used, the excess can be determined 
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by titration with acid until the solution is no longer alkaline to phenolphthalein; 
none of the BaCOs precipitate dissolves until after the solution is acid to phenolph- 
thalein. 


Methods of Cain and Maxwell* 

Instead of absorbing the carbon dioxide in an absorption bulb con- 
taining soda-lime, ascarite, or strong potassium hydroxide solution 
(in the last case a Geissler bulb should be used) Cain and Maxwell 
recommend using a 10-bulb Meyer tube filled with barium hydroxide 



solution (25 g Ba(0H)2*8H20 per liter). Enough of the alkali should 
be used in an analysis to fill each small bulb of the absorption tube and 
half of the larger exit bulb. 

During the combustion of the iron or steel, keep gas flowing through 
the Meyer bulbs. This requires a rapid stream of oxygen when the 
steel is burning. By placing a capillary tube in the rubber stopper at 

* Bureau of Standards, Technologic Paper No. 33; J. Ind. Eng. Chem., 10 , 520 
(1918); 11 , 852 (1919). 
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the front end of the furnace, the rapid escape of gas from the furnace is 
hindered. This cuts down the flow of gas automatically when the com- 
bustion is over. At no time should more than 200 ml per minute of 
oxygen enter the combustion tube. 

At the end of 5 minutes, the combustion should be complete. Dis- 
connect the Meyer bulb, and the furnace is ready for another com- 
bustion. 

Pour off the contents of the Meyer bulb into a Buchner funnel fitted 
to a suction flask and containing two 7-cm filter papers, one on top of 
the other. Wash out the tube 3 times with distilled water that has 
been boiled and cooled in a flask stoppered with a soda-lime tube in 
the stopper, so that no carbon dioxide can be absorbed from, the air. 
Then wash the filter 4 times more, taking care that the top of the funnel 
is washed each time. 

To the rinsed Mciyer tube, add from a buret about 5 ml of 0.1 iV 
hydrochloric acid morci than is necessary to dissolve all of the barium 
carbonate precipitate. Transh^r the acid from the Meyer tube to a 
wide-mouthed flask into which also place the filter papers containing 
a part of the precipitate. Rins(i out the Moyer bulb with 2 portions of 
boiled water. It is them ready to b(^ filled for another determination. 

Heat the flask containing tlu^ acid until all of the barium carbonate 
has dissolvcid, cool and titrate with the 0.1 JV NaOPI using methyl orange 
as an indicator. (See Acidimetry.) 

Cain and Maxw(il hav(5 also worked out an (dcictric resistance method 
which is still mor(^ ra.pid.'^' Tlu^ apparaiais is shown in Pig. 78. 

The absorption apparatus is (^sscmtially a Meyer bulb capable of 
holding 200 ml of barium hydroxides solution when filled to the mark. 
The entrance bulb is modifaul so that a sensitives thermometer and a 
pair of platinized eslesestrodess ca.n Ixs introeluceel. By means of a gal- 
vanometer and a speHsially esesnstructeul Isrielges, tins electric resistance 
of the solution can bc^ d(d,eu‘nun(Hl with the', aid of aji ordinary 60 or 25 
cycle alternating curremt. A nome)graphic ediart has bexm worked out 
so that the conceintrailon of the ba,r‘iiiin hyelre)xiele^ solution can be read 
in terms of pei'centage^ of e^arbon as se)on a.s tlie^ elect, ric resistance and 
temperature of thc^ barium hydre)xiel('. a,r('. known. Thus tlui difference 
between the two readings, with a 2-g sa.m])le used for analysis, gives 
the percentage of carbon present. In ca;rrying out a soricis of analyses 
at the Bureau of Standards the av(wag(i tiiru', per analysis was 5 minutes. 

,7. Ind. Enff. O.hem,., 11, 852, liurciui of Staadards, Tachnologic Paper, No. 141. 
The necessary equipment can be obtained from the Arthur IL Thomas Co. of 
Philadelphia. 
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Determination of Graphite 

Dissolve 1 g of cast iron in 50 ml of 6 iV nitric acid in a 300-ml beaker 
and heat gently until there is no further evolution of gas. By this 
means the carbide carbon is dissolved while the graphite is not attacked. 
Filter the solution through an ignited asbestos filter and wash the resi- 
due with hot water, then with a hot solution of potassium hydroxide 
{d. 1.1), followed by hot water, dilute hydrochloric acid, and finally with 
hot water again until free from chloride. After drying at 110°, transfer 
the asbestos and graphite to a combustion tube and burn the carbon 
in a current of pure oxygen as described on p. 364. 

(6) Determination of Carbon by Wet Combustion 
The Chromic-Sulfuric Acid Method 

In this method the borings, which should be as fine as possible and free from grease, 
are treated with a mixture of chromic and sulfuric acids and heated to boiling. 
Thereby, the iron goes into solution and the carbon is oxidized to carbon dioxide. 
In spite of a large excess of chromic acid, however, some carbon is likely to escape in 
the form of hydrocarbons and carbon monoxide, unless precautions are taken. 
To prevent such losses, Sarnstrom* recommended leading the escaping vapors over 
copper oxide in a combustion tube,t 80 cm long, which is heated in a combustion 
furnace. Many experiments have shown that the method of Stostrom gives exact 
results, although objection has been raised to the long combustion tube that is 
required. 

Corleis has succeeded in simplifying the method by showing that a very short 
combustion tube, filled with copper oxide and heated by a single Bunsen flame, 
suffices if the sample is covered with a coating of copper during the treatment with 
chromic and sulfuric acids. In fact, the use of the combustion tube is unnecessary 
in an ordinary steel analysis, because only 2 per cent of the total amount of carbon 
present is lost in this case. In the analysis of ferromanganese and similar alloys, 
however, the use of the hot tube is to be recommended. 

LedeburJ even found that the results obtained with irons rich in graphite were 
a little too high on account of the formation of some sulfur dioxide, but this error 
can be overcome by passing the gases through chromium trioxide just before they 
enter the combustion tube. 

The apparatus required is shown in Fig. 79 and consists of a Corleis decomposition 
flask A with condenser. 

The flask is connected, as shown in the drawing, on one side with a soda-lime 

Sarnstrom, Berg- und Huttenm. Ztg., 1886 , 82, and Corleis, Stahl u. Msen, 
1894 , 581. With ferromanganese the loss amounts to 22.5 per cent of the total 
carbon, with steel 9 per cent. With ferromanganese the escaping gases contain, 
besides carbon dioxide and traces of heavy hydrocarbons, 18 per cent methane, 
7G per cent hydrogen, 3 per cent oxygen, and 2 per cent carbon monoxide. 

t A small tube of glass, quartz, or porcelain filled with copper oxide or platinized 
asbestos. 

{ Leitfaden fur Eisenhutteiu-Lahorat. 
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tower, W, at the bottom of which is placed a little concentrated caustic potash solu- 
tion, and on the other side with a system of tubes. The tube B is about 10 cm long 
and contains chromium trioxide between 2 asbestos plugs. The tube C is 15 cm 
long, is made of difficultly fusible glass, and filled with granular cupric oxide. It is 
placed in a little box made of asbestos paper. Tubes a, b, and c are drying tubes, 
the first containing glass beads wet with concentrated sulfuric acid, the other two 



containing calcium chloride; d and e arc glass-stoppered soda-lime tubes, the upper 
third of the right-hand arm of cacdi (H)nt/ilniiig cahuum chloride. Instead of soda- 
lime, ascarite can be used (cf. p. The tube / is a safety tu])e which is not 

weighed, but is used to avoid any chance of carbon dioxide or moisture entering 
the weighed tubes from the air. 

Reagents. — 1. A satairal-cd sohition of commensal (ihrornic acid, CrOg, containing 
some sulfate. It is not advisable to use (dicrnically pure <Fromi(^ acid for this purpose, 
for the latter often (iontaiiis organ i(; Hul)stan(^es. 

2. A solution of copper sulfate made ])y dissolving 200 g of the salt in 1 1 of water. 

Procedure. — Remove tlic ground-glass stoppe^r a, and through the 
opening pour 25 ml of chromic a,(dd solution, 150 ml of copper sulfate 
solution, and 200 ml of concentrated sulfuric a,cid into the flask, A, 
and mix. Heat the mixture in the flask to boiling and keep at this 
temperature for 10 minutes. Th(m rcunove the flame <‘ind pass a cur- 
rent of air free from carbon dioxi(l(^ through the apparatus for 10 min- 
utes at the rate of about 3 bubbhis per second. Connect the flask with 
the tube R, the red-hot coppe^r oxide tubcb and willi thcj U-tubes,* 
while continuing the current of air for 5 rninutc^H more. Remove the 
soda-lime tubes d and e, cloB(b and allow to stand 10 minutes in the 
balance room. Open for a moment, quickly close, wipe dry with a 
piece of chamois skin, allow to stand 5 minutes in the balance-case, 
and then weigh. 

* Corleis used phosphorus pentoxide for a drying agent, but calcium chloride is 
satisfactory, cf. p. 345. 
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By means of this preliminary boiling, traces of organic matter con- 
tained in the apparatus are removed. 

After weighing the soda-lime tubes, connect them again with the 
apparatus, open the decomposition flask, and quickly drop in 0.5-5 g 
of the weighed substance, according to the amount of carbon present,* 
from a weighed glass-stoppered weighing tube, which is subsequently 
weighed again to determine the amount of sample. Immediately close 
the flask and heat the copper oxide tube to glowing, after which slowly 
heat the contents of the flask so that after from 15-20 minutes the 
liquid begins to boil. Keep the solution boiling for 1 or 2 hours while 
passing a slow current of air through the apparatus. Then remove the 
flame, and pass about 2 1 more of ah: through the apparatus. Then 
remove the soda-lime tubes and weigh as before. 

Since the use of the copper sulfate solution prevents the loss of more 
than about 2 per cent of the total amount of carbon present, it is evident 
that the combustion tube can be dispensed with for technical purposes. 

(c) Combustion of Carbon in the Wet Way and Measuring the 
Volume of the Carbon Dioxide 

This operation is best carried out by means of the Lunge-Marchlewski method; 

The apparatus necessary is shown in Fig. 70, p. 353. In this case, however, the 
decomposition flask is larger and there should be a ground-glass connection between 
the flask and a condenser. Furthermore, a funnel tube is fused into the neck of the 
flask, and runs along the side of the flask on the inside ending in a quite fine point 
near its bottom. The upper end of the condenser is connected with the measuring- 
tube by means of a capillary tube about 36 cm long, ground to fit the condenser tube. 

Reagents. — 1. A saturated, neutral solution of copper sulfate. 

2. A chromic acid solution (100 g CrOs in 100 ml of water). 

3. SuHuric acid, d. 1.65, and saturated with chromic acid. 

4. Sulfuric acid, d. 1.71, also saturated with chromic acid. 

5. Pure sulfuric acid, d. 1.10. 

6. Commercial hydrogen peroxide solution. 


Procedure. — The amount of iron or steel to be weighed out and the 
necessary quantities of the reagents are shown in the following table: 


Per Cent C 

Weigh 

in 

Grams 

ml 

Copper 

Sulfate 

Solution 

ml 

Chromic 

Acid 

Solution 

ml 

Acid 

d. 

1.65 

ml 

Acid 

d. 

1.71 

ml 

Acid 

d. 

1:10 

ml 

H 2 O 2 

Over 1.5 

0.4-0. 5 

5 

5 

135 


30 

1 

0.8-1. 5 

1 

10 

10 

130 


25 

2 

0.5-0. 8 

2 

20 

20 

130 


5 

2 

0.25-0.5 

3 

50 

45 


75 

5 

2 

Less than 0 . 25 

5 

50 

50 


70 

5 

2 


* For cast iron 0,5 g suffices but for steel from 1-2 g and for wrought iron 5 g 
should be used. 
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Treat the substance with the copper sulfate solution in the decom- 
position flask at the ordinary temperature. Allow malleable iron to 
stand for at least 1 hour, but cast iron requires at least 6 hours. Con- 
nect the flask with the measuring-tube, which is filled with mercury 
and exhaust the air in the flask as was described on p. 354, After 
this is accomplished, place the leveling-tube in a low position and add 
the proper amount of the chromic acid solution through the funnel 
followed first by the proper amount of the stronger acid and then by 
that of the weaker acid, after which quickly close the stopcock in the 
funnel. The communication between the measuring-tube and the flask 
remains open. With the leveling-tube remaining in its low position 
heat the contents of the flask to gentle boiling, and boil for 1 hour. 
Then remove the flame. Now, in order to remove the last traces of 
carbon dioxide from the solution, add the prescribed amount of hydro- 
gen peroxide to the contents of the flask and fill the flask with hot water 
until all the gas is driven over into iho measuring-tube. Then close the 
stopcock h, reduce the gas to the volume corresponding to 0° C and 
760 mm pressure as described on p. 352, and read this volume. Then 
drive over the gas into the Orsat tube containing potassium hydroxide 
solution and determine the volume of tlui unabsorl)ed gas as before. 
The difference between the two readings n'pn^sents tlie amount of 
, carbon dioxide measured under the standard conditions of temperature 

and pr(‘ssure. This multiplied by the 
factor 0.0005392 gives the amount of 
carbon presemt. 

After the ajjalysis has been com- 
pleted, a bk-mk dcjtermination must be 
mad(‘, using t-ho same amounts of each 
reagemt, in oYihr to determine small 
amounts of organic ma-tk^r which are 
invariably pressemt in tluan. The 
amount of carbon dioxide found under 
these conditions must 1)0 subtracted 
from tliat obtaim^d in the analysis 
propcir. 

Method of Uem^pel* 

Hempel objects to the above pro- 
cedure on th(i ground that by dis- 
solving the iron in the mixture of chromic and sulfuric acids some 
hydrocarbon is likely to escape oxidation. He found that by dissolving 

* Verhandlg. d, Vereina z. Beford d. Ckwerhcjleissesj 1893, 
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iron in chromic-sulfuric acid under diminished pressure in the pres- 
ence of mercury all the carbon would be readily oxidized to its diox- 
ide. Figure 80 represents the apparatus used. 

Reagents Required 

1. Chromic acid solution: 1000 g of chromic acid dissolved in 300 
ml of water and 30 g of sulfuric acid, d. 1.704. The resulting solution 
has a density of 1.2. 

2. Sulfuric acid: Mix 1000 ml of concentrated sulfuric acid with 
500 ml of water and 10 g of chromic acid and heat for an hour in a 
large flask upon a sand-bath to destroy completely an}^ dust, etc., that 
may be present. Then take away the flame and slowly conduct a 
current of air through the solution to remove any carbon dioxide that 
may have been formed. After cooling, dilute the solution with water 
until it has a density of 1.704. 

Procedure. — Place about 0.5 g of the iron or steel in the decomposition 
flask add about 2.3 g of mercury by means of a small pipet, and con- 
nect the apparatus together as is shown in the drawing. 

By raising the leveling-bulb Af, fill the measuring-tube M with mer- 
cury, close the stopcock, and connect the apparatus at p with a suction- 
pump, by means of which exhaust the air in the flask B as completely 
as possible. To make sure that the ground-glass connection between 
the flask and the condenser is perfectly air-tight, pour a little water 
into the cup there. Into the funnel C place 30 ml of chromic acid 
solution, close the stopcock at p, and by carefully lifting the latter a 
little allow the chromic acid to run into the flask, and at once heat to 
boiling over a small flame. After boiling for half an hour, add 120 ml 
of sulfuric acid through (7, open the stopcock at M for the first time, and 
boil the contents of the flask for half an hour longer. (At the start only 
carbon dioxide is generated, in proportion to the temperature of the 
solution, but toward the end of the operation there is a fairly lively 
evolution of oxygen.) Remove the flame, and carry over the gas in 
the flask into M by pouring water into C and lifting the tube d until the 
gas in the flask is entirely expelled. Read the total volume of the gas, 
and then absorb the carbon dioxide in a HempeFs potash pipet and 
determine the volume of the unabsorbed gas. The diflerence repre- 
sents the amount of carbon dioxide formed by the oxidation. From 
this the amount of carbon present can be computed. 

The measuring of the gas in this apparatus will be described more in 
detail in Part III, Gas Analysis. 

Other methods for the determination of the volume of the carbon 
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dioxide formed from the carbon in iron or steel are those of J. Wiborgh,* 
Otto Pettersson, and August Smitt. f 
For certain alloy steels and materials hard to oxidize such as ferro- 
silicon, ferrO“Chrome or tungsten steel, the following method is recom- 
mended : 


Wohler’s Volatilization of Ferric Chloride Process J 

Principle. — The sample of iron or steel is heated in a stream of pure chlorine 
gas whereby iron, silicon, phosphorus, and sulfur are volatilized while the carbon 
remains behind in the presence of small amounts of non-volatile chlorides. The 
silicon present as silica, due to inclosed slag, is not affected by the treatment. The 
residue is filtered through asbestos, the (dilorides washed out by water, and the 
carbon burned to dioxide either in the wet or in the dry way. 

The principal requisite for the suctcess of the process is pure chlorine. This must 
not contain oxygen, water, or carbon dioxide, because all these substances tend to 
convert a part of the (carbon into carbon monoxide, whereby low results are obtained 
in the carbon determination. 



Kig. si. 


Procedure. — The specimen is Bubj(^ctod to the addon of chlorine 
in an apparatus like that shown in Fig. 81. 

B is the liter flask in which the chlorines is generated; it contains 
about 200 g of pyrolusitc and 500 ml of concentrated hydrochloric 
acid. Heat the contents of the flask over a very low flame and in this 
way evolve a continuous stream of chlorine. When the current begins 

* Zeit. anal. Chem., 29, 198 (1890). 

t lUd., 32, 385 (1893). 

t Z. anal. Chefn.j 8, 401 (1869), cf. A. Ledebur, Leitfaden fur EiscnhvUcn Lahora- 
torien. 
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to slacken, add more hydrochloric acid through a Bulk’s* dropping- 
funnel, f To regulate the current of gas, connect the flask with the 
right-angled tube, /i, which is provided with a stopcock and leads to a 
cylinder, A, containing caustic soda solution. If the stream of chlorine 
becomes too strong, open the stopcock a little so that the excess of chlo- 
rine is absorbed by the sodium hydroxide. The chlorine is purified by 
means of the tubes a, &, c, C, and d] a contains water, 6 concentrated 
sulfuric acid, c glass beads, or pumice, moistened with sulfuric acid. 
C is a tube 40 cm long and 1 cm wide, made of difficultly fusible glass. 
It contains a laj’^er, 15 cm long, of coarse charcoal which has previously 
been well ignited and cooled in a desiccator. The charcoal is placed 
in the tube between two loose plugs of ignited asbestos. Heat the tube 
to dark redness in a small combustion furnace. If the chlorine gas 
contains small amounts of oxygen (air) or carbon dioxide, these are 
changed, on coming in contact with the hot charcoal, to carbon mon- 
oxide, which is unaffected by the carbon in the iron or steel. Remove 
the last traces of moisture by passing the gas through the tube d con- 
taining glass beads moistened with concentrated sulfuric acid. 

Next pass the chlorine into the combustion tube D. This is about 
40 cm long by 1.5 cm wide, is bent into a right angle and leads into 
concentrated sulfuric acid in the flask e. The sulfuric acid serves as 
a seal and prevents air from getting into the tube. 

Sprinkle the substance, which should be as fine as possible, as a thin 
layer f upon a previously ignited porcelain boat. Of ferro-chrome take 
about 0.5 g, and of ferro-silicon about 1 g. Shove the boat into the 
combustion tube and start the evolution of chlorine as described above. 
Do not heat the tube for about 20 minutes, when the air will have all 
been expelled; then begin heating very gradually, lighting the burners 
one at a time from right to left. The formation and volatilization of 
the ferric chloride takes place at a relatively low temperature. 

As soon as no more brown vapors escape from the tube, gradually 
raise the temperature until the tube begins to get red; then allow the 
residue in the tube to cool in the stream of chlorine. 

Remove the boat from the combustion tube, and, in the case of ferro- 
silicon, rinse the contents with cold water into a beaker. From the 
beaker wash the insoluble residue into an asbestos filter prepared as 

* Z. anal Chem., 16, 467- (1892). 

t The flow of the acid is regulated by raising the tube S. Instead of S a glass 
rod covered with rubber tubing may be used. 

i This is especially important with ferro-chrome, because otherwise the metal will 
become covered with a coating of non-volatile chromic chloride which prevents it 
from being acted upon by the chlorine. 
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follows: In the funnel R, Fig. 82, which is about 1 cm wide and 5 cm 
long, place a little glass wool, and upon this pour a suspension of ig- 
nited asbestos fibers in water until, with the aid of light suction, the 
filtrate comes through perfectly free from asbestos fibers. Wash the 
residue on such a filter with cold water until no chloride 
can be detected in the filtrate. 

The carbonaceous residue can be oxidized in the appa- 
ratus shown in Fig. 79, p. 368, but in this case the flask 
A should contain 5 ml of a saturated, aqueous solution 
of chromic acid, and 60 ml of sulfuric acid, d, 1.71, which 
is likewise saturated with chromic acid. 

In the analysis of fcrro-chrome, there is always some 
insoluble chromic chloride in the boat which cannot be 
removed by washing. Therefore, heat the substance 
after the ignition in chlorine, in an atmosphere of hy- 
drogem, whereby the insoluble chromic chloride is con- 
verted into soluble chrornous chloride. The contents of the boat are 
then treated exactly as described above. 



Fig. 82 . 


Determination of Carbon by the Berzelius-Richter Method 

A number of methods have been proposed for dissolving away the 
iron and leaving the carbon behind in form of an insoluble residue. 
For this purpose a solution of poiassium-cupric (;hl{)ride containing 300 g 
of the double salt (2 KChCuCli>*2H20) a, rid 75 ml of concentrated 
hydrochloric acid to iiu^ lit(U* has i)rov(Ml most satisfactory. Before 
using, filter the solution through ignited asbestos and preserve in a 
glass-stoppered botii(\ The solution of the borings takes place very 
slowly unless the solution is stirrcul, wliich is Ixjst accomplished by 
means of a mecbani(;:il stirrevr. Warming the solution also helps, but 
it should never be lieated aliove 00°-7(F. The following reactions 
take place: 

+ Cu( do - RoCA. + Cu 
Cu + CmCA, - CuoClo 

The presence of potassium chlorides aids the solution of the copper, 
by forming a complex ion, CnoCfl,!". 

The residue is filtered on an asbestos filter, dried, and burned in oxy- 
gen or in the Corleis flask. It may also be used for tlio determination 
of sulfur (see Meinicke Method, p. 325). 



DETERMINATION OF CARBON 


375 


Determination of Carbon and Hydrogen in Organic Substances, 
according to Liebig 

{Elementary Analysis) 

Principle. — The organic substance is burned in air or in oxygen and the products 
of the combustion are passed over glowing copper oxide, which oxidizes all the 
carbon to carbon dioxide and the hydrogen to water. The water is collected in a 
weighed calcium chloride tube or sulfuric acid worm, the carbon dioxide in a weighed 
vessel which contains either caustic potash solution, soda-lime of 2 per cent moisture 
content and phosphorus pentoxide, or ascarite (asbestos impregnated with NaOH). 
Instead of the gas combustion furnace described here, many prefer to use an electric 
furnace. 

The combustion is performed 

(a) In an open tube. 

(b) hi a closed tube. 

Combustion in an Open Tube 

Most combustions take place in a tube open at both ends, and usu- 
ally a gas-heated furnace and a glass tube are used. The progress of 
the combustion can be watched through the glass and a long hori- 
zontal column of copper oxide insures the complete combustion of the 
carbon. It is possible in many cases to use an electric furnace and carry 
out the combustion much more rapidly than heretofore. With the 
electric furnace, it is easier to get a constant temperature sufficient to 
burn the substance completely and with soda-lime of the best grade 
or with ascarite there is less danger of carbon results being too low. 
With the Geissler bulb and caustic potash solution, the rapid passage 
of gas causes volatilization of some of the water too fast to be absorbed 
by a short drying tube attached to the absorption bulb. 

Pregl has shown that it is possible to simplify the process greatly 
by taking a smaller weight of substance and using a miniature appa- 
ratus. This requires a more sensitive balance than is ordinarily used. 
PregPs argument that it is easier to get a perfect combustion with a small 
quantity of substance than with a larger quantity and that it is possible 
to realize the necessary refinement in weighing, is a perfectly sound one 
and many chemists are enthusiastic about the results obtained with the 
so-called micro apparatus. Pregl finds that the technique is easier 
for a beginner to master. For combustion in the old-fashioned way 
there are the following 

Requirements. — (1) An open tube made of difficultly fusible glass which is from 
12 to 15 mm wide. The length of the tube depends upon that of the combustion 
furnace; it must be 10 cm longer than the furnace. (2) 350 g of coarse and 50 g 
of fine copper oxide. (3) A drying apparatus (Fig. 83, on the left). (4) A cal- 
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cium chloride tube (Fig. 84). (5) A Geissler potash bulb (Fig. 85), or two soda-lime 
tubes or an |asearite bulb (Fig. 70, p. 302). (0) A screw-cock. (7) Dry rubber 

tubing. (8) Two plates of asbestos board to protect the rubber stoppers in the 
two ends of the tube from the heat of tiie furnace. 



Procedure for the Combustion of Organic Substances Free 
from Nitrogen, Halogen, Sulfur, and Metals 

Preparation and Combustion 

1. Fill the calcium chloride tube (b'ig. 84) from the left side, close with 
a plug of glass-wool, and fusci iogciiluir the o.nd of tlu^ tube, as shown in 
the figure.* It is more practical to us(j a calcium clilorido tube fitted 
with ground-glass stoppca-s. After filling tiie tub(i, saturate with car- 
bon dioxide (cf. p. 342, footnote). 

Rub the outsider of tlu^ tulx^ witli a piece of (ihamois skin, and stopper 
the two ends with short pi(HJ(‘s of rublxa* tubing eaxih c.ontaining a piece 
of stirring-rod. Allow tlui tub(^ to strand in tin*, l)alanc(i case for 15 
minutes and then weigh without th(i stoppeus. 

2. Fill the Geissler bulb (Fig. 85) with caustic potash solution (2 parts 
solid ,KOH in 3 parts of water) as follows: Rc^place tlui >small drying 
tube d by a piece of rubbcir tubing, dip c into tlui solution of caustic 
potash, and fill the bulbs two-thirds full by sucking through the rubber 
tubing. Then clean the end of tlui tub(^ c with a piexa^ of filter paper, 
again connect the tube d (its right half is fill(al with soda-lime and the 

* Or the tube is stoppered and an air-tight seal made by (covering it neatly with 

aling-wax. 
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outer half with calcium chloride), close the two ends with pieces of rub- 
ber tubing each containing a piece of stirring-rod with rounded ends. 
Wipe the apparatus with chamois and weigh without the stoppers, 
taking the same precautions as with the weighing of the large calcium 
chloride tube. 

3. The drying apparatus (Fig. 83, on the left), which serves to free 
the air and oxygen used for the combustion from carbon dioxide and 
water vapor, consists of a wash-bottle, D, containing concentrated 
caustic potash solution, the soda-lime tube a, and the 2 calcium chlo- 
ride tubes 6 and c. 

4. The co7nhustio7i iuhe_ (Fig. 86), both ends of which are fire polished 
by heating in the blast lamp; after coohng, wash the tube, dry, and 
fill as follows: First place a short roll, of copper gauze at the right- 

d. ^ k' K h ^ 

Fig. 86. 

hand end of the tube so that 5-6 cm of the tube are left empty. This 
roll serves as a plug and must, therefore, fit tightly in the tube. Next 
add a layer of coarse copper oxide, Z, about 45 cm long, and after this 
place another plug of copper gauze, k'. Finally insert another roll of 
copper gauze, d, about 10 cm long and large enough to fill the tube 
loosely, so that a space of about 10 cm is left on the right and about 5 cm 
on the left. Place the tube in the combustion furnace, so that about 
5 cm extend beyond the furnace at each end, as shown in Fig. 83. 
Close the left end of the tube with a tightly fitting rubber stopper 
through which a glass tube passes, and connect with the drying appara- 
tus by means of a short piece of rubber tubing. (The tube should be 
provided with a glass stopcock, which is shown in Fig. 86, a, but which is 
lacking in Fig. 83.) The right end of the tube is left open for the time 
being. 

Pass a slow current of oxygen* through the apparatus and light the 
furnace. At first turn the flame low and heat the whole tube equally. 
Gradually raise the temperature, until, with the tiles covering the tube, 
the copper oxide is at a dull red heat. 

Usually some water condenses in the right-hand end of the tube; 
expel this by carefully holding a hot tile under the tube. When all the 
water is removed, and the presence of oxygen can be detected at the 

* The oxygen must be free from hydrogen. Commercial oxygen often contains 
the latter, in which case it is necessary to pass the gas through a “preheating” 
furnace before using it. 
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right end of the tube (by its igniting a glowing splinter), close this 
end of the tube with a rubber stopper connected to an open calcium 
chloride tube. Now turn down the burners and discontinue the oxy- 
gen current. Extinguish all the flames after some time except those 
under the right half of the tube. 

While the tube is cooling, weigh the calcium chloride tube and the 
potash bulb (or soda-lime tubes), replacing the stoppers immediately 
after the weighing, and weigh 0.15-0.2 g of the substance into a porce- 
lain boat. 

If the substance is a difficultly volatile oil weigli it from a small glass 
tube open at one end. If it is readily volatile, blow a small bulb on a 
piece of narrow glass tubing and draw out i.he opcm cmd into a small 
capillary tube; weigh this, heat the bulb, and introduce the capillary 
into the liquid to be analyzc^d, so that the liquid rises in the bulb as it 
cools. Then turn the bulb so that the capillary lies in a horizontal 
position, heat slightly to exp(‘i a liti.k^ li(]uid that adhenvs to the sides 
of the tube, melt the end together, and again weigh the tube. Take 
care that there is no liquid in tlu^ capillary. Everything is now ready 
for the combustion. Remove', the stoppeu* from the left (and now cold) 
end of the combustion tub('., rc'.rnovc^ th(^ long copper roll by means of 
a piece of wire with a hook in the (md of it, i>la,cc5 tiu^ boat with the sub- 
stance in it in i.he {.ulxi and i.lu^ coppeu* roll right after it. Make con- 
nection with the drying appara-tus on IIk^ l(^ft and with the absorption 
tubes on the right, as is shown in lUg. 83. If tlu^ sul)stance is a liquid, 
place the bulb (xmi.aining it so timt its capillary is pointed towards 
the left, and with a volai.ik^ liquid bn^ah off (he end of the capillary 
with a file just liefon^ introducing it into th(^ combustion tube. Close 
the stopcock bctw('('n the tulx^ aaid l.lu^ drying a|)paratus, connect the 
latter with an air-ga.som(5t('.r, and opcm wide the? s(,of)cock in the drying 
apparatus and that bctw(;(ai tlu^ drying appa.ra.tus and the combustion 
tube just enough to p(;rmit 2, or a,t tlui most 3, bu])l)k‘s of ga,s per sec- 
ond to pass through iho ap{)a.ratus. Light tlu^ two out(U' burners on 
the left and heat th(i coppfa* oxides spiral 4 (tlui cof)pca* was changed to 
the oxide by the ignition in oxyg(m) just to rculiuiss. Gradually heat 
the tube from right to left, taking can^ that, thci ga,s evolution is never 
greater than 4 bubbles p(^r s(X‘ond (lirough the; pota,sh bulb; this can be 
easily regulated by means of tiu^ stopcock or by turning the gas-burners. 
When the contents of the entin^ tube have IxKiU brought to redness, 
with the tiles in place, and the boat is empty, tlu'. (tomlmsiion is usually 
complete. It is well, however, to pass oxygem through the hot tube 
until the gas can be detected at the right-hand end of the combustion 
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train (a glowing splinter ignites at /i).* Then turn down the flames 
and pass a current of air through the apparatus until the oxygen is 
completely expelled. A little water always collects in the front (right) 
end of the tube, and this must be driven over into the calcium chloride 
tube by holding a hot tile under it. NTow remove the calcium chloride 
tube and the potash bulbs, wipe ofl with a piece of chamois skin, allow 
to stand in the balance room for 20 minutes, and weigh without the 
stoppers. The gain in weight represents the amount of water and car- 
bon dioxide respectively, and from this the amount of hydrogen and 
carbon can be calculated. 

Remark. — The combustion may be accomplished as described for the deter- 
mination of carbon in steel but with the following precautions: 

1. Place plugs of copper gauze and a layer of copper oxide in the front end of the 
furnace as described above, but use less copper oxide because of the shorter furnace. 
Before the combustion heat in oxygen to convert the copper to copper oxide, as 
described above, and to burn any dust in the tube. 

2. Do not use more than about 0.1 g of substance and cover it with about 2 g 
of copper oxide powder. Use a slower stream of oxygen as only about 12 ml are 
required for complete combustion. 

3. Have the combustion tube 'well cooled before introducing the boat with the 
substance and heat the front end of the tube first by moving the tube so that the 
part containing the boat is outside the furnace. When the front end of the tube is 
hot, place the tube in its normal position. 

4. Use the absorption train as described above, without the zinc used in steel 
analysis, but substitute a Midvale or Fleming tube filled with good quality soda-lime 
or ascarite as described on p. 362. 


Determination of Carbon and Hydrogen in Nitrogenous 
Organic Substances 

By the combustion of many organic substances containing nitrogen, 
especially nitroso- and nitro-compounds, oxides of nitrogen are formed 
which are partly absorbed in the calcium chloride tube and partly in 
the potash bulb, so that if such substances were analyzed according to 
the previous process, both the carbon and hydrogen results would be too 
high. If, however, a reduced copper spiral is introduced in the front 
(right) end of the combustion tube, this serves to reduce the oxides of 
nitrogen to nitrogen itself, and, as nitrogen is not absorbed, correct 
results will be obtained. 

Prepare the copper spiral by rolling together a piece of copper gauze 
about 10 cm wide, making it as large as will conveniently pass into 
the combustion tube. Heat the spiral till it glows by holding it in a 

* To prevent moisture from getting into this tube from the air, it is well to connect 
it with an unweighed calcium chloride tube. 
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large gas flame, and while still hot drop it into a test-tube containing 1 or 
2 ml of methyl alcohol. The alcohol quickly boils away, but some of it 
is oxidized to aldehyde by the hot copper oxide, which is reduced com- 
pletely to bright metallic copper. Take out the spiral with a pair of 
crucible tongs and dry by quickly passing it through a flame a few times 
and while still warm introduce it into the front end of the combnRUA> 
tube, which has been previously burned out as described in 
analysis. 

To carry out the combustion, close the stopcock between the com- 
bustion tube and the drying apparatus (Fig. 83), insert the substance 



Fig. 87- 88. cS9. 


into the tube, and first heat the copp(ir oxide spiral at d and then the 
reduced spiral at the other end of the tube. Then beginning at k 
(Fig. 86), light one burner after another, until finally the entire contents 
of the tube are heated to dull redness and no more bubbles escape 
through the potash bulb. Now for the first time open the stopcock 
somewhat and pass oxygen through the tube until it can bo detected 
at n, by a test with, a glowing splinter. Then gradually turn down the 
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flames, replace the oxygen by air, and complete the analysis as in the 
previous case. 

Substances hard to burn are treated somewhat differently. First of 
all fill the back end of the combustion tube (Fig. 83) with the aid of the 
funnel T (Fig. 87), with fine, granular, but not pulverized, copper oxide, 
and ignite this in a stream of oxygen. Replace the oxygen by air and 
allow the tube to cool until it can be held in the hand. Next transfer 
the fine, granular copper oxide to the small flask K, Fig. 88, and close 
the flask by inserting a tinfoil-covered cork, fitted with a calcium 
chloride tube. While the copper oxide in the flask is becoming per- 
fectly cold, weigh the substance to be analyzed into the glass-stoppered 
mixing tube Af, Fig. 89. Transfer from one-sixth to one-fifth of the 
copper oxide in the flask to the mbdng tube, stopper, and shake the 
contents well, whereby the substance becomes intimately mixed with 
the copper oxide to which it adheres. Transfer the mixture back to the 
combustion tube, and shake the mbdng-tube repeatedly with small 
portions of the remaining copper oxide in the flask until finally it can 
be assumed that all the substance has been transferred to the combustion 
tube. Then carry out the combustion in the usual manner.* 

Combustion of Organic Substances Containing Halogens 

The analysis is conducted exactly the same as for nitrogenous sub- 
stances, except instead of a reduced copper spiral one of silver is used 
to keep back any halogen. The silver spiral should not be heated to 
redness, but only to about 180-200°. If a silver spiral is not at hand, 
use a long copper spiral, its end reaching outside the furnace. 

Combustion of Organic Substances Containing Sulfur 

Sulfur compounds cannot be burned in a tube containing copper 
oxide, for the sulfur dioxide escapes and is partly absorbed by the 
water in the calcium chloride tube and partly in the potash bulb, so 
that absolutely worthless results are obtained. Instead of the long 
layer of copper oxide, use one of ignited lead chromate; this oxidizes 
the sulfur dioxide to sulfur trioxide, forming difficultly volatile lead 
sulfate which remains in the tube. When lead chromate is used, the 
combustion must take place at a lower temperature than with copper 
oxide, for the chromate melts easily, and by adhering to the glass is 
likely to cause the tube to break. 

* For another method of conducting a combustion in an open tube, consult 
M. Dennstedt, Z. anal. Chem., 40, 611 (1903). 
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Combustion of Organic Substances Containing Metals 

If the substance contains alkalies, alkaline earths, or cadmium a 
part of the carbon will remain in the tube as carbonate. In this case 
mix the substance in the boat with a mixture of 10 parts of powdered 
lead chromate and 1 part of potassium chromate, and conduct the 
combustion as when sulfur is present. 

Dumas’ Method for Determining Nitrogen in Organic Substances 

This determination should really he disoussed under Part Til, but it will be de- 
scribed here on account of its bcin^j; an juudysis by combustion. 

Principle. — The su})stan{ic is burned in a (combustion tu])e, free from air, which 
contains copper oxide and co[)per spirals exactly as in tlie determination of the 
hydrogen and carbon in subsiaiutes (containing nitrogen, but in this case the volume 
of the nitrogen evolved is vicamrcd. 

Procedure. — This deterininaiion may be carried out in either a 
closed or open tubci. 

(a) Deternimation in a Closed Tube 

The necessary apparatus is shown in Fig. 90. The combustion tube 
is closed at one end and is about 75 cm long. It contains at ilf a layer 



esi 

of, 


anose carbonate 15 ctn long, in picccvS about 
1 by a loose plug of ignited asbestos and then 
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a 10-em layer of coarse copper oxide, S. Add the substance at a in a 
boat and mix with powdered copper oxide by means of a spiral wire 
(cf. p. 381), then add a layer of coarse copper oxide* about 40 cm long 
and finally the reduced copper spiral (prepared as described on p. 380). 
Place the tube in a combustion furnace and connect as shown in the 
figure with an azotometer,t which contains mercury to a little above 
the lower end of r, and a liberal amount of caustic potash solution 
(300 g KOH dissolved in a liter of water). 

Begin the analysis (with the leveling-bulb low and the stopcock of 
the azotometer open) by heating the left hah of the magnesite layer, 
whereby the air in the tube is expelled by the carbon dioxide and passes 
through the azotometer. From time to time make a test to see whether 
all the air has been expelled. Raise the leveling-bulb, and close the 
stopcock with the azotometer tube completely filled. If all the air 
has been replaced by carbon dioxide gas, the bubbles of gas will aU be 
absorbed by the caustic alkali. When this is the case put out the flame 
under M. Heat the tube first at R and light the burners one after 
another toward the left until about three-quarters of the layer of coarse 
copper oxide is heated to a dull redness. Then heat the tube at S and 
continue the process as in an ordinary combustion until the whole 
tube (with the exception of the part where the magnesite is found) 
is heated to a uniform temperature and finally no more nitrogen is 
evolved. 

The heating must be accomplished so that there will be a slow but 
steady evolution of nitrogen. When the combustion is complete, 
heat the magnesite layer once more and expel all nitrogen remaining 
in the tube. As soon as the volume of the gas in the azotometer re- 
mains constant, measure the nitrogen. 

For this purpose remove the azotometer together with the connecting 
piece of rubber tubing from the combustion tube and close the tubing 
by means of a pinchcock. Set the apparatus aside for at least 30 
minutes at a place where a uniform temperature prevails, then raise 
the leveling-tube until the solution in it stands at exactly the same 
height as that in the tube. Read the volume of nitrogen, the ther- 
mometer, and the barometer. 

The weight of the nitrogen present is computed as follows: 

Assume a grams of the substance used for the analysis and V milli- 
liters of nitrogen obtained at f and B millimeters barometric pressure. 
In order to obtain the weight of the nitrogen, its volume must be first 


* The copper oxide must be previously ignited, as described on p. 381. 
t H. Schiff, Ber., 13, 885. 
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reduced to 0° and 760 mm pressure. If the gas had been measured 
over pure water the formula 

F == V(Bo-w)-27^ 

760 (273 -»-0 

would hold in which Bo represents the observed barometer reading re- 
duced to a temperature of 0° and w is the tension of water vapor meas- 
ured in millimeters of mercury. Tlui nitrogen, however, was not 
measured over pure water but over a solution of potassium hydroxide, 
and the vapor tension of this solution is less than that of pure water. 
In fact, with potassium hydroxide of the concentration used, the dimi- 
nution of the vapor tension as compared with pure water almost ex- 
actly compensates the cornuition which would be applied in reducing 
the barometer reading to 0°. Consequently the following formula 
holds with sufficient accuracy: 

^ViB - w) -273 
"76()T273 + 0 

As 1 ml of nitrogen at 0° and 760 mm has b(;en found to weigh 0.0012506 
g,* then F() milliliters of nitrogen will weigh 

0.0012506 X Fog 

and the substance contains per cent of nitrogen. 

If the value of Vo is ins(U‘ted in this last equation, and the constant 
values are united, it l)ec()m(‘S 

X = 0.04493 - = per cent N 

(273 + /,) ’ a 

(h) DeicrTninaiion of NUrogen in an Open Tube 

The determination is carri(id out in pra.cti(;ally the same way as 
before, except that the carbon dioxicki is gcuumated outsidci of the tube. 
If the combustion tube of Fig. 90 is irmigiiuHl cut off at M and con- 
nected by means of the two-bulbed tube with a long test-tube, as shown 
in the upper part of the figure, the a])p!iratus n(^cessary for this deter- 
mination will bo seen. 

The long test-tube contains soditim bicarbonate, and it is covered 
with a piece of copper gauze in order that it may bo heated more uni- 
formly. 

At 8 is a long copper oxide spiral, this is followed by a copper boat 
containing the substance mixed with powdered copper oxide, then the 


* Cf. Nitrogen under Gas Analysis. 
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long layer of coarse copper oxide, and finally the reduced copper spiral. 
After the connection with the azotometer has been made, heat the tube 
containing the sodium bicarbonate and remove the air from the com- 
bustion tube by means of the carbon dioxide evolved. The greater 
part of the water that is simultaneously set free collects in the tW'O- 
bulbed tube. Otherwise the procedure is exactly the same as before. 

Remark. — The advantage of this method over the former lies in the fact that 
the combustion tube can be used for a large number of nitrogen determinations 
without refilling it each time. 

With difficultly combustible substances the author prefers to work with the closed 
tube, for in this way it is possible to get a very intimate mixture of the substance with 
the powdered copper oxide. 


OXALIC Acid, H2C204-2H20. Mol. Wt. 126.05 
Forms: Calcium Oxide, CaO, and Carbon Dioxide, CO2 
Determination as Calcium Oxide 

Treat the neutral solution of an alkali oxalate with a few drops of 
acetic acid, heat to boiling, and precipitate with boiling calcium chlo- 
ride solution. After standing 12 hours filter off the precipitate, wash 
with hot water, ignite wet in a platinum crucible, (p. 38) and from the 
weight of the calcium oxide calculate the amount of oxalic acid as follows: 

Let a = weight of substance, p the weight of CaO from the CaC204 pre- 
cipitate; then = per cent H 2 C 204 - 2 H 20 . 

Determination as CarjDon Dioxide 

Principle. — The method is based upon the fact that oxalic acid on being heated 
with manganese dioxide and dilute sulfuric acid is oxidized quantitatively to carbon 
dioxide: 

H2C2O4 + MnOa + H2SO4 = M11SO4 + 2 H2O -h 2 CO2 

Procedure. — Treat a weighed amount of the oxalate with one and 
a half times as much manganese dioxide (free from carbonate) either 
in the apparatus shown on p. 342 (Fig. 67), or in that of Fresenius- 
Classen (Fig. 68, p. 345). The procedure is exactly the same as was 
described for the determination of carbon dioxide. If p grams of car- 
bon dioxide were found, this corresponds to 

p • 1.431 = grams oxalic acid, H2C204*2H20 

Remark. — Both methods give good results, but oxalic acid can be much more 
conveniently determined by a volumetric process (see Part II, Volumetric Analysis). 
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BORIC Acid, H 3 BO 3 . Mol. Wt 61.84 

Determination as Boron Trioxide, B2O3, by the Method of 
Rosenbladt-Gooch* * * § 


Principle. — - Alkali and alkaline-earth borates, on being distilled with absolute 
methyl alcohol (free from a(ietone) and a(^eti('. atud, give up all their boron in the 
form of methyl borate, a liquid whir^h boils at 05°. If t,hc methyl borate is brought 
into contact with a weighed amount of lime in the presence of water, it is completely 


saponified: 


B(OCIb)3 + 3 lIoO = 3 CriaOri -f BfOIUs 


The boric acid set free combines witli the lime to form calcium borate. If the 
paste of water and lime is evaporated to dryness, the gain in weight, therefore, 
represents the amount of 



Fkj. 91. 


g of the purest limcf obtainable to 
lamp, a.iid transfea- as much of it as 
possible to the dry b^a'lcniinoyer flask 
(hdg. 91) which s(irves as a receiver. 
Places the cmcil)lo, with some of the 
lirnc^ adhering to it;, in a desiccator 
and set asid(i for the present. 

Slake the lime in the flask by care- 
fully adding aloout 10 ml of water. 
(.VmxuHJt the flask with the distilla- 
tion fla.sk as shown in the figure. { 
d’'r(‘a,t tlio aqu(K)UH solution of the 
a.lkali Ixxratti (containing not more 
tiian 0.2 g ).’{) with a few drops 
of (uther litmus or hicmoid solution, 
and add hydrochloric acid drop by 
drop until the solution turns red. 
Then add 1 (h‘op of dilute sodium 
liydroxide a,nd a, hnv drops of acetic 
a.eid.§ Add the faintly a.(*id solu- 
tion by mcuins of the funnei T to the 


* .li?. anal Chem., 27, 18, 394 (1887). 

t Instead of lime, Gooch and .lones iiHo -I ' 7 g of scxlium iiingHbitc fused with 
about 0.5 g WO 3 in a platinum crucible to expel any carboni(^ acud. The fimcd mass 
is cooled and weighed. 

t To permit the escape of air from the flask, make a cut. in the side of the cork 
stopper, at s. 

§ It is absolutely necessary to nout.ndize t,bo greater part of the alkali wit.h hydro- 
chloric acid and then the last of it with a(x‘t.ic acirl. If nil the alkali w(‘,re neutral- 
ized with acetic acid, little or none of tlie bf>ric acid would pass over into the receiver 
during the subsequeiit distillation with alcohol. 
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pipet-shaped retort, R, of about 200-ml capacity. Einse out the funnel 
3 times with 3-mi portions of water and close the stopcock. Distil 
off the liquid by placing R in a paraffin bath at not over 140°, and col- 
lect the distillate in the Erlenmeyer flask containing the lime. When 
all the liquid has distilled over, lower the paraffin bath and, after R 
has cooled somewhat, add 10 ml of methyl alcohol (free from acetone) 
through the funnel and again distil off the liquid in R. Repeat this 
process 3 times. Then add 2-3 ml of water to the retort, a few drops 
of acetic acid until the liquid becomes distinctly red again,* and repeat 
the distillation with 10 ml of methyl alcohol 3 times more. At the end 
of this time all the boric acid will be found in the receiver. When the 
distillation is over, the retort should be removed from the paraffin 
bath by lowering the bath. If this is not done, the retort is likely to 
break when the paraffin solidifies. Shake the stoppered flask thoroughly 
and allow to stand for an hour or two to make sure that all the methyl 
borate is saponified. Then pour the contents of the receiver into a 
200-ml platinum dish and evaporate on the water-bath to dryness at as 
low a temperature as possible. During this process the alcohol must 
not be allowed to boil under any circumstances. Then, in order to 
remove the small amount of lime that remained adhering to the sides 
of the flask, add a few drops of dilute nitric acid to the receiver, and, by 
carefully inclining the flask, wet its entire inner surface with the acid, 
after which wash the contents into the platinum dish and evaporate to 
dr5mess again. This time the water in the bath may boil, as there is 
now no danger of losing the boric acid, all the alcohol having been re- 
moved by the first evaporation. Gently ignite the residue in the dish 
over a small flame to destroy the calcium acetate that was formed by 
the excess of acetic acid added. Allow to cool and transfer by means of 
a little water to the crucible in which it was originally weighed. Dis- 
solve the dark-colored lime remaining on the sides of the dish in a little 
nitric or acetic acid and wash into the crucible. Evaporate the con- 
tents of the crucible to dryness on the water-bath and, with the cover 
upon it, ignite the crucible at first gently and finally more strongly until 
a constant weight is obtained. The increase in weight represents the 
amount of B2O3. 

Remark. — This method affords faultless results, even in the presence of consid- 
erable amounts of other salts. Free halogen hydride or sulfuric acid must not be 
present, for these acids form esters with the methyl alcohol and distil over with 
boric acid, with which they would be weighed. Instead of using lime in the re- 
ceiver, the methyl borate can be distilled into a dilute solution of ammonium carbo- 

* By the repeated distillation, the contents of the retort become alkaline, as shown 
by the blue color of the solution. 
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nate, and tlie latter eva])oratcd with shiked lime in a platinum dish immediately 
after the distillation. The author, liowcver, prefers the above method. 

If one possesses a large platinum criuable (with a capacity of cSO-100 ml), the first 
evaporation can take phujc in this and it is then advisable to place the crucible 
within a ring-shaped copper or tin tube through whiidi steam passes (Fig, 25, p. 47). 
In this way the calcium aiietatc does not creep up over tlie sides of the dish, and there 
is no danger of any bumping. 

Determination of Boric Acid in Silicates, Enamel, etc. 

Fuse the finely powdered substance with 4 times as much sodium 
carbonate, extract the melt with water and evaporate the aqueous 
solution containing the boric acid'^‘ to a small volumes, make acid with 
acetic acid, and, witliout, n^gard to any s(q:)aration of silica, transfer 
the solution to the Gooch retort, and anaJyzc^ as above directed. 

Remark . — This determination can be performed in Uie presence of fluorine pro- 
vided {K^otic and not nitriit acid is used to set free tlio boritt JUiid; Imt, for that matter, 
it is never advisable to use nitrici a(tid and it- is not i)ermissible when chlorides are 
present. 


Determination of Boric Acid in Mineral Waters 

If the wat(U’ contains considcu'ahk^ l)oric acid (0.1 g or more of B2O3 
in a liter), (wa,porate a wdghcHl amount (from 200 to 300 ml) to a small 
volurmbt filt<u‘ off th(‘ pixKUpit-attHl ca,lcium and magn(\sium carbonates, 
concentrate the filtra-te, mak(‘, slighi-ly acid with ac(d,ic a.(ud, and analyze 
as descrilxid on p. 380. 

If the water contains only a littk^ boric acid, as is true in most 
cases, a largo amounl, must b(5 taktai for tlu^ (kdKirmination. Ifivaporate 
10-15 1 in a large porc(‘la.in disli to abotit 1 l,t filtca- off the deposited 
salts (these never contain any borakO, wash tlioroughly with hot water, 
and evaporate the filtrates a.nd wa-sliings on ilio wa,t(u*-batli until a moist 
residue is obtaiiKnl. If tins ,ix;sidu(i do<^s not a-rnount to more than 5 or 
6 g rodissolvc it in watc^r, ma.ke acid wil-h acetic acid, transfer to the 
Gooch retort, and distil as (k^scrilxxl on p. 380. Usually a, la-rger residue 
is obtained, which can Ixi convcnitmtly ana-iyzcxl dintcdly; in this 
cas(i the boric acid is exl.ract(Ml from it. h'or tiiis pnr})(>so make the 
residue acid with a little hydrochloric acud, thoroughly stir with abso- 
lute alcohol, and by iru^ans of more of iho lattcu* transfer it to a flask, 
cork up, and allow to stand 12 hours with fnxjiumt sha-king. The boric 

*'* Sometimes tlui insoluble residue eoninJus fipprei^iehle c-mountH of bciric acid. 
In the method given imder Volumetric Analysis, this fact will 1x5 taken into con- 
sideration. 

t If the water rcac^ts alkaline, evaporate it at ou<',c; otherwise add enough sodium 
carbonate solution to make it alkaline. 
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acid will then be found in the alcoholic solution. Filter off the residue, 
’Rrash with 96 per cent alcohol, dilute largely with water, add 1 g of 
sodium hydroxide, distil off the alcohol (see Remark below), and evapo- 
rate the liquid until a moist residue is obtained. Make this again acid 
with hydrochloric acid and repeat the above extraction with alcohol, and 
subsequent distillation of the alcohol, after the addition of water and 1 g 
of sodium hydroxide. If the residue now obtained is not too large, 
ignite gently to destroy the organic matter; after extracting with water, 
filter ofi the carbonaceous residue and make the filtrate acid with hydro- 
chloric acid. Then add sodium hydroxide till barely alkaline and just 
enough acetic acid to make the solution react acid again. Analyze the 
solution thus prepared as described on p. 386. 

Remark. — Unless a large amount of water and the sodium hydroxide are added, 
some of the boric acid will be volatiHzed with the alcohol. It is always best to test 
the alcoholic distillate for boric acid as follows: extract a few pieces of turmeric 
root with alcohol, place 2-3 drops of the yellow solution in a porcelain dish, add the 
alcoholic solution to be tested for boric acid and a few drops of acetic acid. Dilute 
with water and evaporate to dryness on the water-bath. According to F. Henz, 
if as much as 0.001 mg of boric acid is present, a faint but distinct coloration will 
be ewdent, while the presence of 0.02 mg will cause a strong reddish brown color- 
ation, which on being treated with sodium hydroxide is turned to the characteristic 
blue-black color. 

If boric acid is found in the alcoholic distillate, it must be again treated with water 
and sodium hydroxide, and the alcohol once more distilled off. 

MoLYBDic Acid, h;2Mo04. MoL wt. I62.02 

The determination of molybdic acid has already been considered on 
p. 273. 

Tartaric Acid, H2C4H4O6. Mol. Wt. 150.05 

The composition of free tartaric acid as well as that of the tartrates 
is determined by an elementary analysis; see pp. 375 et seq. 


META- AND PYROPHOSPHORIC ACIDS 

These acids are changed to phosphoric acid and determined as de- 
scribed on p. 390. 

Iodic Acid, HIO3. Mol. Wt. 175.93 
Form: Silver Iodide, Agl 

For the determination of iodic acid as silver iodide, make the solu- 
tion of the alkali iodate acid with sulfuric acid, and add sulfurous acid 
until the solution, which at first becomes yellow on account of the sepa- 
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ration of iodine, is again colorless. After tliis add an excess of silver 
nitrate and a considerable amount of nitric acid. Heat the solution 
to boiling, and determine the precipitated silver iodide as described 
on p. 307. 

It is not permissible to change the ioclate to iodide by ignition, for 
the decomposition takes place at a temperature above that at which 
the iodide itself begins to volatilize. The transformation is, there- 
fore, not quantitative. This is especially true of sodium iodate, which 
is only changed to iodide upon h(^ating to a white heat. Potassium 
and silver iodates are much more ix^adily (h^composed, but even then 
some iodide is lost. Both iodic and p(iriodic acids may be more ac- 
curately determined by a voluuKd.ric proc(‘SS (see Part II, lodometry). 

For the determine, tion of tlu^ nud^al pn^scuit in an iochite, first change 
it to the chloride by rep<‘a.t.c^d (‘vaporation with concentrated hydro- 
chloric acid: 

KIO, + 6 HCl = KOI + 3 IKO + 2 Clo + ICl 


GROUP IV 

PHOSPHORIC, ARSFNIC, AltSlONIOUS, TinoSULPURrC, CHROMIC, 
VANADIC, AND PERI()i)IG ACIDS 

PHOSPHORIC Acid, H;jP 04 . Mol. Wt 98.05 

Forms: Magnesium Pyrophosphate, Mg 2 p 207 ; Ammonium Phospho- 
molybdate, (NH.i).iPO.rl2MoOa; Phosphomolybdic 
Anhydride, P20(,*24MoO:{ 

1. Determination as Magnesium Pyrophosphate, according 
to B. Schmitz 

Formerly it wn,s t,he usual prat^ticc^ to {)r(H-if)it{ite phoKp]iori{^ acid in the cold 
with ^'magnesia mixtund’ a,n<I a.mniionia., })U<. a.('('ording to tix^ experiments of 
Neubuuer* and of Goodif it i.s evident that it is very <liilieult to ()i>taiii a pure pre- 
cipitate of Tria,gneHiuni ammonium phosphate in this way; Homet.im('.H it is contam- 
inated with MgdlFtda and HometimeH with MgfNHdO^Oda- H’, however, the 
preeipitation takes pla<^(5 in a, hot .solution, a very pure, (coarsely (aysialline precipitate 
of Mg(NI:h)F()4d)Ih>.0 i.s o]>tained,t 

Procedure , — -To 50 ml of n, mnit-nd solution containing 0.1"“0.5 g 
of P 20 r) add a hnv drops of dilut<‘ hydrochloric acid, an excess of mag- 

* H. Neubaner, <mgew. Chon., 1896, 439. 

t F. A. Gooch, Z. anorg. Chon.., 20, 135. 

t B. Schmitz, Z. anal Cfiem., 66, 40 (1024); K. K. Jarvinen, Z. anal Chem., 43 , 
279 (1904), 44 , 333 (1905); G. JorgcriHCii, Z. mial Cham., 46 , 27S (1906). 
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nesia mixture/'^ 5 g of ammonium acetate, and a little phenolphthalein 
solution. Heat nearly to boiling, run in from a buret 1.5 iV ammonia, 
while constantly stirring, until a turbidity forms. Stir till the pre- 
cipitate is crystalline and then continue adding the ammonia until a 
red coloration is obtained from the indicator. Allow the solution to 
cool completely, add one-fifth of its volume of concentrated ammonia, 
and let stand at least 4 hours. Wash the precipitate 3 times by de- 
cantation with 1.5 W ammonia, then transfer to a filter, and wash free 
from chloride. Finally moisten the precipitate with a saturated solution 
of ammonium nitrate in 1.5 N ammonia, dry, ignite, and weigh as 
described on p. 81. It is best to use a filtering crucible and an electric 
oven. 

If the weight of the precipitate is p, then the corresponding weights 
of H3PO4 and P2O5 are 

= weight H.PO, and = weight PA 

The above method for the precipitation of phosphoric acid is not 
applicable when the substance contains alkaline earths or heavy metals. 
In such cases the phosphoric acid should be precipitated first as am- 
monium phosphomolybdate and the phosphoric acid in this precipitate 
determined by one of the following methods. 

2. Determination of Phosphoric Acid as Magnesium Pyrophosphate 
after Previous Precipitation as Ammonium Phosphomolybdate 

This method, first proposed by Sonnenschein, has experienced, in 
the course of time, a great many modifications.! It is always ap- 
plicable when the phosphoric acid is present as orthophosphate. 

Titanium, zirconium, quinquevalent vanadium, and quinquevalent 
arsenic interfere, all precipitating with the phosphorus. Titanium and 
quinquevalent vanadium also prevent complete precipitation. Cain and 
Tucker! have shown that the interference of vanadium can be pre- 
vented by reducing it to the quadrivalent condition and precipitatiag 

* The ^‘magnesia mixture'^ is prepared, according to Schmitz, by dissolving 55 g 
of magnesium chloride MgCl2*6H20 and 105 g of ammonium chloride in water, 
adding a little hydrochloric acid and diluting to a volume of 1 1. For 0.1 g of PaOs, 
use 6 ml of this solution. 

t Cf. Woy, Ch&m. Ztg., 21 , 442; Hundeshagen, Z. anal. Chem., 28 , 164; Eggertz, 
J. pr. Chem. 79 , 406; v. Jiiptner, Oesterr. Z. Berg-Hiittenw., 1894 , 4711; McCandless 
and Burton, Ind. Eng. Chem., 16 , 1267 (1924); McNabb, J. Am. Chem. Soc., 60 , 
300 (1928). 

! J. Ind. Eng. Chem., 5, 647 (1913). 
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at 20° and by precipitating at this low temperature the interference of 
arsenic is overcome. 

Principle. — If a solution containing phosphoric acnd in the presence of ammonium 
nitrate and sufficient nitric acid is treated with an exf^ess of ammonium molybdate 
and heated to 60-70° all the ])hosphori(^ aedd is predpitated as yellow ammonium 
phosphomolybdate. When dried at room i,empcrature over CaCb - 21120 , the 
precipitate corresponds to the formula — (Nir,i)3p(Xrr2Mo0r3Il20 if it has 
been thoroughly washed with water or with potassium nitrate solution* * * § " and to 
(NH4)3P04-12Mo0.rIINOr 21120 when washed with dilute nitric add. It always 
contains, when sufficient molybdic acud is present, 24 moles of MoOa to 1 mole of 
P2O5. 

The precipitate is soluble in alkaline solutions and forms most readily when 
considerable free nitric acid is present; 1 g of IVls rciiuires 11.6 g of HNO3, but as 
much as 35.5 g of the acid docs no harm.f The predpitate will dissolve somewhat 
if more nitric add tluin the aliove (luantity is used, buf. tiic addition of ammonium 
molybdate decreases the solubility of the prcfupit.ate in nitric, add; 1 g of ammonium 
molybdate makes 55.7 g of nitrify acid inactive. The prcsciutc of ammonium nitrate 
not only facilitates the formation of the precipitate, but its presence is absolutely 
necessary, although about 5 per (icnt is suffi(;icut. 

In the United States, it is (uistornary to use an acid solid, ion of ammonium molyb- 
date as reagent (sec p. 394, fool, note). This reagent contains the proper quantities 
of ammonium salt and nitric mud a,nd is a scnsit,ivo pro(4])itate for phosphoric acid. 
When this reagent is used, it is (fustomary to make the solution nearly neutral and 
then add an exc^ess of re.'igcnt. 

Procedure. To 50 rnl of solution containing; 0.1 g of P2O5 or less, care- 
fully add 6iV annnonium hydroxidi* until iho, solution is neutral to lit- 
mus. Add a f(^w drops of {)N nitulc acid, luuit tlu^ solution to about 65®, 
and add 75 tnl of arnnioniuin molybdate rcuigiuit.J Kiuq) the solution 
at this t(uni)eratur(^ for half an hour, and wash once by decanta- 
tion with an acid soluilon of annnonium nit.rat.('§ auul a,t Icuust six times 
on the filter. When th(‘ wa.shing is cornphd-e placa^ tlu^ fhisk containing 
the bulk of the pn‘(u“])ita(.i‘ und(U’ the funnel and allow i)N ammonium 
hydroxide solution to drop upon ilu^ uppi^r (ulge of the filter from a 
buret, until enough has bexm addcul t.o dissolvi^ all Uu^ pixicipitate on 
the filter paper a,n(l that in the flask. Rotates ilu^ contents of the flask 
from time to tinu^ and avoid using a.n unn(K‘,essary (excess of ammonia. 
Wash the filter papiu' tliorougidy with hot watc^r. The volum(3 should 
not exceed 100 ml at this jKiint. Drop a piocci of simsitlve litmus paper 
into the solution and add 6 N hydrochloric acid, with constant rotation 

* M. Ishibashi. Mem. Coll Hci. A, 12 , 135 (1929). 

t These figures arc taken from experimcuital iia,ta furnished by Ilundeshagen. 
They do not refer to the above formula of the yellow precipitate. 

t See p. 394. 

§ Mix 100 ml of 6 N ammonium hydroxide with 325 ml of G N nitric acid and 
dilute with 100 ml of water. 
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of the flask, until the litmus paper changes to a violet verging on the 
blue rather than the red. Add 10 ml of magnesia mixture* * * § and heat 
almost to the boiling point. Add 2-3 drops of phenolphthalein indicator, 
and neutralize with 1.5 iV ammonium hydroxide until the solution is 
colored pink by the indicator. Cool, add one-fifth of the solution's 
volume of concentrated ammonium hydroxide, and allow to stand for 
at least 4 hours. Filter, wash, ignite and weigh as directed on p. 391. 

3. Direct Determination of Phosphoric Acid as Ammonium 
Phosphomolybdate (Finkener)t 

The precipitate produced as described under 1 is heated until it becomes changed 
to (NH4)3P0442 Mo 03. Theoretically this contains 3.7S4 per cent of P 2 O 5 , but 
better results are obtained if it is assumed to contain 3,753 per cent of PaOs-i 

Baxter § recommends heating the precipitate to about 300° as does Ishibashi.|| 
The precipitate then contains 3.784 per cent P 2 O 5 and corresponds to the formula 
(NH 4 ) 3 P 04 * 12 Mo 03 . Baxter prepared the molybdate reagent as follows: Dissolve 
150 g of commercial ammonium molybdate in 1 1 of water and pour into an equal 
volume of 6 A nitric acid. Use 50 ml for 0.1 g of P 2 O 5 . Ishibashi used a 3.5 per 
cent solution of (N’H4)6Mo7024'4H20 in pure water. To a neutral solution of 
6-70 mg of P 2 O 5 he added twice the theoretical requirement of molybdate solution, 
20 ml of 5 iV ammonium nitrate solution and 20 ml of 5 N nitric acid making a 
total volume of about 100 ml. He heated with stirring at 60° for 5 minutes, allowed 
to stand 3 hours, filtered into a filtering crucible, washed with 2 per cent nitric acid, 
heated slowly to 250° and kept at 250°-300° for 30 minutes. 

Procedure. — Precipitate the phosphoric acid with ammonium molyb- 
date as directed on p. 392; filter the precipitate into a Gooch crucible, 
wash with ammonium nitrate solution until very httle brown coloration 
is produced in the filtrate upon adding K 4 [Fe(CN) 6 ], and dry in a cur- 
rent of air at 160° in a Paul's drying-oven, until a constant weight is 
obtained. If the precipitate should become slightly greenish, add a 
small crystal of ammonium nitrate and one of ammonium carbonate 
and again heat the contents of the crucible, whereby the precipitate 
will at once assume a homogeneous yellow color. 

Remark. — The results of Hundeshagen and Steffan show that this method gives 
very exact results, Stefian worked precisely according to the directions of Finkener, 
precipitating the phosphoric acid in the cold with a 33f per cent solution of ammonium 
molybdate and filtering after standing 24 hours. It is, however, not necessary, as 
Hundeshagen has shown, to work with such a concentrated solution of ammonium 
molybdate; the precipitation from a hot solution with a 3 per cent molybdate solu- 
tion yields just as accurate results and the solution does not have to stand so long 

* See p. 391. 

t Ber., 11 (1878), 1640. 

{ Hundeshagen, loc. cit 

§ Am. Chem. 28, 298 (1902). 

II Loc. dt. 
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before filtering. Even when iron is present this method gives good results, so that 
it is to be recommended for the determination of phosphorus in iron and steel 

4. Determination of Phosphoric Acid as Phosphomolybdic 
Anhydride (Woy) 

Gently ignite the precipitate, produced in the same way as before 
until a greenish black residue remains of the composition 24 MoOs-PgOs, 
with 3.94 per cent of P2O5. Perform the ignition as follows: Upon the 
bottom of a nickel crucible place a disk of ignited asb(5stos about 2 mm 
thick, or the porcelain plate of a Gooch crucibhi rntiy be used. Upon 
this place the Gooch crucible containing the precipitate, cover with a 
watch glass and heat at first gently and finally until the bottom of the 
nickel crucible is at a, dull red heat. When the prc^cipitate has become 
of a hornogeruious, bluish bhick color, allow l.o cool in a desiccator and 
weigh. 

This method is rapid and givers good results in tlu^ presence of iron 
and aluminum. 

Determination of Phosphorus in Iron, Steel, and Bronze* 

Procedure. — Cast Iron.-— Dissolves 1--3 g of sample in a covered 
casserole in 30 ml of 7.5 iV nitric acid. Wluui all the iron is in solu- 
tion, add 10 ml of i)N hydrochloric acid, (wa|)orat(i to dryness, and 
bake on the hot plate for 15 minut.c^s. Gool, dnuich the residue with 
concentrated hydrochloric acid, dilutee to 50 ml, and Inuit until all the 
salts are in solution. Filter without (hday, wash the n^siduc with 0.6 N 
hydrochloric acid, and (ivajroratci tlu^ filiratc^ (.0 sirupy consistency. 
Meanwhile ignite the ab()V(^ n^sidiui in a phitiniim crucible, cool, and 
heat with 10 drops of conccuitrat^cHl hydrochloric aeid a,nd 2 ml of hydro- 
fluoric acid. Evaporates just to dryTU'ss, a-dd 5 ml of concentrated 
hydrochloric acid and add to i.h(^ main solution tiiat is Ix'ing evaporated. 

Wh(m the solution is of sirupy consistency, transhvr to a 300~ml 
Erlenmeycr flask by aItornat,(^ rinsing with 7.5 jV nit.ric acid and hot 
water, using not more tlian 30 ml of t,h(i acid and 70 ml of the water. 
Heat to boiling and digest for 10 minutx^s. 

Precipitation. — 1\) tlu^ boiling solution, a.d(I 100 ml of ammonium 
molybdate solution f, sliake 10 minub^s and ailow to stand at least 4 
hours. If an appreciable amount of vanadium is pre^semt, carry out the 

* G. E. F. Lundcll, fnd. ICng. Olmn.y 16, 171 fI92;U. 

t Stir 100 g of pure MoOs into 400 ml of cold diHtilled water and a,dd 80 ml of 
concentrated ammonium hydroxide. Filter and ponr while Htirring into 1 1 of 6 A 
nitric acid. Add .50 mg of mif*roc()snii(! Halt and allow to Hta, ud 24 hours before using. 
Do not prepare more than a wotik’s supply of the add reagent at a time. 
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precipitation at 20° in a solution which has just been treated with 2-3 
ml of 10 per cent ferrous sulfate solution and a few drops of sulfurous 
acid to reduce quinquevalent vanadium. Decant off the solution 
through a filter, keeping as much of the precipitate as possible back in 
the flask, and wash with not more than 50 ml of cold 1 per cent nitric 
acid. Dissolve the precipitate in 24 ml of 6 iV ammonium hydroxide 
to which 2 g of citric acid has been added. Pour the solvent through 
the filter that contained some of the phosphomolybdate and catch the 
solution in the flask containing the bulk of the precipitate. Finally 
wash the filter several times with 0.6 iV hydrochloric acid. If the 
ammoniacal filtrate is not clear, heat it to boiling, filter through the 
same filter, and wash with hot water. In this case, and whenever ap- 
preciable quantities of elements like titanium, zirconium, and tin are 
present, preserve this filter paper and treat it together with the filter 
referred to in the following directions. 

Make the ammoniacal solution acid with hydrochloric acid, add 20 ml 
of magnesia mixture and precipitate magnesium ammonium phosphate 
as described on p. 392. Allow the precipitate to stand 4 hours. Filter, 
keeping the precipitate back in the flask as much as possible. Dissolve 
the precipitate on the filter with 28 ml of 6 iV hydrochloric acid, catch- 
ing the solution in the flask containing the bulk of the precipitate. 
Wash the filter thoroughly with 0.6 AT hydrochloric acid. If titanium, 
zirconium or tin is present, ignite this filter and the one previously set 
aside, in a platinum crucible, fuse with a little sodium carbonate ex- 
tract with water, and add the aqueous extract to the hydrochloric acid 
solution of the first magnesium ammonium phosphate precipitate. 

Transfer the solution to a 200-ml beaker. If considerable arsenic 
is present precipitate with hydrogen sulfide, washing the arsenic sulfide 
precipitate with dilute hydrochloric acid saturated with hydrogen sul- 
fide. Boil off the excess of hydrogen sulfide and reduce to 50-75 ml. If 
only a little arsenic is present, add 0.6-1 g of ammonium bromide and. 
evaporate the solution to a volume of 5-10 ml; the arsenic will volatilize 
as arsenic trichloride. 

To the solution free from arsenic, and at a volume of 50-75 ml, add 
0. 1-0.2 g of citric acid and 2-3 ml of magnesia mixture, and again pre- 
cipitate magnesium ammonium phosphate. 

Ignite and weigh the magnesium pyrophosphate as described on p. 391. 

Plain Carbon Steel. — Dissolve 1-3 g in 30 ml of 7.5 AT nitric acid. 
When all the steel has dissolved, boil and slowly add a saturated solu- 
tion of potassium permanganate until oxides of manganese are pre- 
cipitated. Clear the solution by cautious addition of ID per cent 
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ferrous sulfate solution, boil gently for 10 minutes, and treat with 
ammonium molybdate as above described. 

Alloy Steels. — Treat chromium steels in the same way, but if any 
residue is obtained on dissolving in nitric acid, continue heating until 
it dissolves, adding sulfuric acid if necessary. Treat a high silicon 
steel like cast iron. If titanium or zirconium is present to any extent 
a phosphate may precipitate during the boiling prescribed for plain 
carbon steels. Filter off the precipitate, fuse the residue with sodium 
carbonate and add the aqueous extract of the molt to the main solution. 
Tungsten steel does not dissolves in nitric acid. Dissolve 1-3 g in a 
mixture of 20 ml concentra-tcMl nitric a,ci(l and 60 ml of concentrated 
^ hloric acid in a coveu-cxi ca.ss(‘rolo. lt(ia,t gently and evaporate 
ess. Remove th(^ covcu* glass and l)ak(^ till all the acid is expelled. 
v>uo,l, and add 30 ml of concuml.ratc^d hydrochloric acid. Heat until 
the iron all dissolvers, dilut(^ U> 100 ml, filtcu*, and wash the residue of 
tungstic acid witli N hydrochloric acid. Evaporate the filtrate to a 
sirup and meanwhile dissolves the tungstic a,cid in hot 2N ammonium 
hydroxide, finally wa, slung th(^ pap(U' with dilute hydrochloric acid. 
Make the ammoniacal solution faintly acid, add 1 g of alum and then 
add ammonium hydroxidci in sliglit (excess. Filter off the aluminum 
hydroxide and ])lios})ha.i{‘, <liss()lve in hot liydrochloric acid and add the 
solution to the main solution which is being evaporated. Dilute the 
sirup as dcscrilxHl for t.lui analysis of cast iron. 

Bronze, — Soo p. 233. 

The Lead Molybdate Method 

Ibbotson”* prefers to base the phosphorus (h^UxnihiuUon upon the weight of 
ri)Mo ()4 that <^an be obtairn'd from the (Nn4)aPO,i-12Mo(),'j j)roeij)itate. The 
rbMo ()4 weigliH M2 times as mueli n.s thc^ idiosphorus originally present. For 
small (piantitii^s of j)hosi)horus iliis is one of the quickest and most 
, - '• > hods. 

' inc ammonium phosphonudybdato precipitate (see p. 392) 
and wash it on a 9~cm ashlc^ss filU'r paper with cold 1 per cent nitric 
acid (1 ml conc(miratcd acid and 100 rnl wat.cu*) at least 10 times. 
Dissolve the precipitates by pouring 4 ml of con (umt, rated NH4OH on 
the filter. Catcli the solution in ihv. flask us(‘d for the precipitation, 
wash the paper once with hot wat(ir, and again pour this solution through 
the filter, this time catching it in a IbO-ml Ix^akc^r. Wash the paper at 
least 6 times with a stream of hot water dir<;ctcd against the upper edge 
of the paper and then place the solution on a hot plate. Place beside 
it a 250-ml beaker containing a flittered solution of 10 g NH4CI and 12.5 g 

* Che'mical Analysis of Steel Works^ Mal&riaU. 
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of ammonium acetate in 50 ml of water. When both solutions are at 
the boiling point, add, to the ammoniacal solution of the yellow pre- 
cipitate, 10 mi of concentrated hydrochloric acid and 10 ml of 4 per cent 
lead acetate solution. At once pour this mixture into the hot solution 
of ammonium chloride and acetate, and W’ash out the beaker with, hot 
water. Allow the precipitate to settle for a few minutes and then 
filter through a weighed Gooch crucible. Wash thoroughly with hot 
water until free from chloride, dry in the hot closet at 105°, and 'weigh. 
Or, if desired, finish the washing with alcohol and ether (cf. p. 81). 

In this method of analysis, 12 PbMo 04 are obtained for each P 
present. The weight of phosphorus, therefore, is found by the formula: 

P 02 

P = Wt. ppt. X Y 2 pj3Mo04 "" PP*- ^ 44OT "" PP*‘ ^ 

Determination of Phosphoric Acid in Silicates 

In the analysis of silicates (see p. 433) the phosphoric acid is found in 
the precipitate produced by ammonia in the filtrate from the silica 
together with iron and aluminum hydroxides. It is analyzed according 
to p. 117. 

Determination of Phosphoric Acid in Mineral Waters 

To 5-6 1 of the water add a little hydrochloric acid and evaporate 
to dryness; moisten the residue with concentrated hydrochloric acid, 
take up -with water, and filter off the silicic acid. To the fiOitrate add 
a slight excess of ammonia; the phosphoric acid is usually completely 
thrown down in the form of phosphate of iron, aluminum, or alkaline 
earth. Dissolve the filtered and washed precipitate in nitric acid and 
determine the phosphoric acid according to one of the molybdate 
methods (pp. 390-394). 

Remark. — If the mineral water does hot contain much iron, aluminum, or al- 
kaline-earth metal, but is rich in phosphoric acid and the alkalies, the precipitate 
produced by ammonia wiU not contain all the phosphoric acid. In such a case 
evaporate the hydrochloric acid solution from the silica several times to dryness 
with nitric acid, dissolve the residue in as little nitric acid as possible, and determine 
the phosphoric acid by one of the molybdate methods. 

Recovery of Molybdenum Residue (H. Bomtrager)* 

To 250 ml of strong ammonia, in a large, wide-mouthed flask add the 
acid molybdenum filtrates. Either immediately or after standing some 
time, a crystalline deposit of nearly pure molybdic acid is formed. 


‘ Z. anal. Chem., 33, 341 (1894); 
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When the flask is nearly full, make the solution nearly neutral, allow 
the precipitate to settle, and decant off the upper liquid containing 
only a small amount of molybdenum. Pour the residue upon a suction 
plate, wash once with water (not more, or the molybdic acid will dis- 
solve) and suck as dry as possible. Dissolve the precipitate by wann- 
ing with as little ammonia as possible, leaving behind a residue of iron 
and aluminum hydroxides, magnesia, and silicic acid. Filter these off 
and dilute the solution with distilled water until at 17° C it has a den- 
sity of 1.11 = 14° Be. It then contains 150 g of ammonium molyb- 
date in a liter. If this solution is diluttxl with 4 times as much water a 
82 per cemt solulion will b(^ obtained. 

Determination of Phosphorus in Organic Substances 

The substances is d(‘compos(‘(l l)y the m(;thod of Carius. By the 
action of thc^ nitric acid in cIosckI tulxi tin; phosphorus is oxidized 
to phosphoric acid and this is d(d*(U‘mmed as usual. 

Separation of Phosphoric Acid from the Metals 
1, Separation from the Metals of Groups I and II 

Hydrogen sulfide is conducted into the hydrochloric acid solution,* 
by which rac^ans all the nuanlxirs of tlukso groups arc precipitated as 
sulfides while tlio phosf)h()ric acid remains in solution. 

2. Separation from the Metals of Group III 

(a) The phosphoric acid is first pnjcipitatcKl as ammonium phospho- 
molybdate according to p. 392. In order to d(d;ermine the metals, 
evaporate the solution containing molylxhinum, but free from phos- 
phoric acid, with sulfuric acid to a sirupy consistemey, and carefully 
heat over a free fhune until nitric acid is (Lxpcilhxl. After cooling, 
moisten the residm^ with hy<lrochl()rie acid and ta.k(^ up in water. Place 
the solution in a pr(isstir<i fla.sk, saiura(.(^ with hydrogem sulfide, stopper 
the flask, and heat for sortui tinui on tlu^ water-l)ath; the molybdenum 
is precipitated as flocculent M0S3- Aftcu' cooling, slowly open the 
pressure flask and filt(^r off tlu^ molylxhumm sulfkki. Analyze the 
filtrate, now free from phosphoric acid and inolybch^mim, for the metals 
as described on pp. 95 "" 175. 

(h) Separate thci phosphoric acid as Ixifore, make the filtrate slightly 
ammoniacal, and saturate with hydrogcui sulfide. After standing for 
some time the solution Ixicomas nxldish yidlow in color, and the pre- 

* When silver is present it is i)re(ipitatcd as silver (iilorido, filtered off, and the 
filtrate treated with hydrogen sulfide. 
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cipitate can then be filtered off. The metals of this group will be found 
in the precipitate while the molybdenum is in the filtrate in the form of 
its sulfO“Salt. 

Remark. — If nickel is present, some of it will remain in the filtrate with, the 
molybdenum on account of the solubility of nickel sulfide in ammonium sulfide, so 
that method (a) will then give more accurate results. Vanadium (and tungsten) 
will also go with the molybdenum. 

3, Separation of Phosphoric Acid from Iron, Cobalt, 
Manganese, and Zinc 

If the solution contains iron in the ferric form, acidify with hydro- 
chloric acid, saturate wnth hydrogen sulfide, and for each gram of the 
mixed oxides add 3 g of tartaric acid; make the solution slightly am- 
moniacal and allow to stand over night in a stoppered flask. The 
precipitate contains the metals as sulfides free from phosphoric acid. 
Filter, wash with water containing ammonium sulfide, dissolve in acid, 
and analyze according to pp. 95-175. 

4. Separation from Chromic Acid 

If the solution contains free alkali or alkali carbonate, make acid 
with nitric acid, then slightly alkaline with ammonia, and precipitate 
the phosphoric acid with magnesia mixture as described on p. 390. 

5. Separation from Calcium, Strontium, Barium, Magnesium, 
and the Alkalies 

Add the ammonium carbonate to the hydrochloric acid solution until a 
slight permanent turbidity* is produced, and dissolve this with a few 
drops of hydrochloric acid. Then add ferric chloride drop by drop 
until the liquid above the yellowish white precipitate of ferric phos- 
phate becomes distinctly brown in color. Dilute the solution with 
water to a volume of 300-400 ml, boil for 1 minute, filter, and wash 
with water containing ammonium acetate. In the filtrate are the 
alkaline earths and alkalies, which, after expelling the ammonium salts 
by igniting the residue obtained after evaporating to dryness, are de- 
termined in the usual way (see pp. 55-95). 

Determination of Phosphoric Anhydride in Apatite 

Weigh out duplicate portions of the finely powdered mineral of 0.2- 
0.25 g, taking care to get the nearest tenth of a milligram as accu- 

* If only alkalies are present there will be no turbidity; add the ammonium 
carbonate until the solution is neutral. 
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lately as possible. Heat in a covered 200-ml casserole with 15 ml of 
CAT nitric acid. Evaporate to dryness on the steam-bath or hot plate 
taking care to avoid spattering. Heat the residue for at least 15 min- 
utes at 110-120° to dehydrate silica. Digest the residue with 25 ml 
of 6 N nitric acid, and heat a few minutes to dissolve the soluble mate- 
rial. Filter and wash with small portions of hot water, receiving the 
filtrate and washings in a 300-ml I^rlcnmeyer flask. Continue to wash 
until 5 ml of the filtrate will give no precipitate of calcium phosphate 
when neutralized with ammonia. If a precipitate is obtained, pour the 
test back into the filtrate. The volume of the solution should not ex- 
ceed 100 ml at this point. 

Neutralize the solution wiili ammonia and continue as described on 
p. 392. 


Thiosulfuric Acid, Mol. Wt. 114.14 

Form: Barium Sulfate, BaSO.i 

Treat the a{iueous solution of tlu' alkali thiosulfate with an ammo- 
niacal soluiion of hy{lrog(‘n p(Toxi(i(‘, or with ammoniacal percarbonate 
solution, heat for sonu^ time on tlu' waUu-bath, a.nd then boil to destroy 
the excess of the roag'ent. Mak(^ tlu' solution a,ci(l with hydrochloric 
acid and precipitates the sulfuric a,cid foruK'd by tlui above treatment 
as barium sulfate. Two mok's of Ba.S(),i (;orr(‘S[)on(l to 1 mole of H 2 S 203 .' 

A much bett(w proc(‘{lur(^ for tli(‘ ('stinuition of thiosulfuric acid will 
be discussi^d uiK.ku* lodonuday, Fart II. 

The nanaining acids of this group, jirstmious, arscmic, vanadic, and 
chromic, have he(m discussed umka- tlu^ ivspiMhivi^ metals; periodic acid 
is analyzed in prccis(^ly the same way as iodic; acid. 
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GROUP V 

NITRIC, CHLORIC, AND PERCHLORIC ACIDS 
Nitric Acid, HNO3. MoL Wt 63.02 

Forms: Nitron Nitrate, C 2 oHi 6 N 4 *HN 03 , Nitrogen Pentoxide, N 2 O 5 ; 
Ammonia, NH3; Nitric Oxide, NO, and Volumetrically 

1. Determination of Nitric Acid as Nitron Nitrate* 

The base diphenyl-endo-anilo-hydrotriazole, C 20 H 16 N 4 

Ph-N N 

Ph 



Ph 


called nitron for short, forms a fairly insoluble, crystalline nitrate, C 2 oHi 6 N 4 *HN 03 , 
^vhich can be used for the separation and quantitative estimation of this acid. To 
prepare the reagent, nitron acetate, dissolve 10 g of nitron in 100 ml of 5 per cent 
acetic acid. It keeps fairly well in a dark bottle. 

Procedure. — Take a sample equivalent to not more than 0.1 g of 
nitric acid, and dissolve in 80-100 ml of water containing 1 ml of 
glacial acetic acid. Heat the solution nearly to boiling and add at one 
time 10-12 ml of nitron acetate solution. AUow the precipitate to 
stand 24 hours in a dark place, then filter into a Gooch or Munroe 
crucible and drain as completely as possible from the pale yellow mother- 
liquor. Wash with 50 ml of ice-water saturated with nitron nitrate, 
added in small portions, and drain the precipitate well after each 
washing. Dry at 110° for 2 hours. The precipitate contains 16.79 
per cent of HNO3. 

Remarks. — The method gives good results in the presence of sulfate and iodate 
ions. If large quantities of chloride are present a correction should be applied, 
as determined by an analysis with pure nitric acid and the same weight of chloride. 

In 100 ml of very dilute acid, approximately the following weights of nitron salts 
dissolve: 0.0099 g of nitrate, 0.008 g of perchlorate, 0.017 g of iodide, 0.04 g of 
thiocyanate, 0.06 g of chromate, 0.12 g of chlorate, 0.19 g of nitrite, 0.61 g of bromide. 

The results of the nitric acid determination are a little high rather than low, 
owing to occlusion of a httle precipitant. 

Besides the acids represented by the above difficultly soluble salts, ferro- and 
ferricyanic, picric, and oxalic acids interfere with the determination. Hydrobromic 
acid can be decomposed by adding chlorine water, drop by drop, to the boiling solu- 
tion until the yellow color of bromine disappears, hydriodic acid by adding an ex- 
cess of potassium iodate to the neutral solution and boiling off the iodine. Nitrous 
acid can be removed by dropping powdered hydrazine sulfate into the concentrated 
solution and chromic acid by reduction with hydrazine sulfate. 

* M. Busch, Ber.f 38 , 861 (1905); A. Gutbier, Z. angew. Chem., 1905 , 494. 
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2. Determination of Nitric Acid as Nitrogen Pentoxide* 

This method is based upon the fact that, when an intimate mixture 
of a dry nitrate is heated with an excess of silica, nitrogen pentoxide 
is evolved and the amount is determinc^d by the loss in weight : 

2 NaNOs + Si02 = NaaSiO.^ + N2O5 

This method cannot be used when any other volatile substance is 
present which is usually the case. 

3. Determination of Nitric Acid as Ammonia | 

The usual method for the determination of nitric acid is to reduce 
it in alkaline solution to ammonia by means of aluminum, zinc, or, 
best, Devarda's alloy (cf. Vol. I) : 

m f + 4 Zii + 7 OIF' -> 4 ZnOo^ + NH 3 1 + 2 H 2 O 

After the reduction, the solution is distilled into a known quantity 
of acid and the excess of the acid found by titration, or the ammonia 
can be determined as ammonium chl()roi)Iatinate or as platinum (cf. 
p. 74, 6 and c). 

Procedure. — Place about 0.5 g of nitrates in a 5()0~ml ]<]rlcnmeyer 
flask (Fig. 92) and disHolv(‘ in H() ml of wat(u-. To this solution add 
5 ml of alcohol, 50 ml of caustic ])otash (d. 1.3), and 2 -2.5 g of powdered 
Devarda’s alloy. Or, inshvid of Dtwarda’s alloy, us(i 5 g of wdl-washed 
zinc and 2 g of ferrous sulfa.t(^. Instc^ad of 1\h\ ca,ustic potasli solution, 
80 ml of saturated sodium hydroxides solution can h(^ substituted. At 
once connect the flask with th(‘ disl.iIla.tion apparatus shown in the 
figure. The hdt arm of (.he 250-ml Peligol. i.iibi^, A, is connected by a 
curved tube with the middles bulb, so tha.t a sj>urtiug back of the liquid 
is avoided. Tl\o delivery tube (of potash glass) connecting the flask 
K with the tube A is abotit 1 cm in diam(4.(U* and is i)rovid(ul with a 
small opening at 0, insidci tlui fla-sk, to prcivcmt spurting of condensed 
liquid over into A. Placii 20 ml of 0.5^7 sulfuric acid in A and dilute 
so that the solution just rc^aclu^s to (^a.(4i of t/he hul})s on tlu^ side. Place 
5 ml of the acid in i?, with a fciw drops of mcd/hyl ora.tig(^ indicator solu- 
tion, and dilute in the same way. (Jomioci tlui tubes A and B by means 
of a T-tube, of which the', upi)er eiul is closed by a pinchcock upon a 
piece of rubber tubing, so that a i)i(K 5 e of rc^l litmus paper may be intro- 
duced here if it is desired to see whether Nil;} is (\scaping. 

* Reidh, Z. Chem., 1, 86 (1862). 

t Devarda, Z. anal, Chern.f 33, 113 (1894), Paiuiortz, Z. anal. Chem,., 39, 318 
(1900). 
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When all is ready, gently heat the contents of the flask K to start 
the reaction, then remove the flame and allow the reaction to proceed 
by itself. After an hour this will be shown to be complete by the 
cessation of the hydrogen evolution. Then slowly heat the liquid in K 
to boiling, and keep at this temperature until about half of the liquid 
has distilled over into A; this requires about half an hour. During 
the last 10 minutes pass a slow current of air through the tube r. 



If the distillation has been correctly performed, all the ammonia 
will now be found in A; no trace should reach B, and the red htmus 
paper in the T-tube should show no tinge of blue. 

When the distillation is finished, open the pinchcock at r and re- 
move the flame. Add a little methyl orange to A whereby the liquid 
is colored red, pour the contents of B into A and rinse out B with 
w^ater that is added to A. Finally titrate the excess of the sulfuric 
acid with 0.6 N caustic alkali solution until a yellow end point is ob- 
tained. The amount of nitric acid is computed as follows: 

Jf t milliliters of 0.6 N base are used in the titration of a grams of 

, . XI. (25 - 0 X 3.151 , (25 - 0 X 2.700 

substance, then ^ = per cent HN O3 or 

' a ^ a 

= per cent N2O5. 

Determination of Nitric Acid as Nitric Oxide 


Method of Schlosing and Grandeau, modified by Tiemann and Schulze"^ 

Principle. — • If a nitrate is heated with ferrous chloride and hydrochloric acid, 
the nitric acid is reduced to nitric oxide: 

NaNOa + 3 FeCh + 4 HCl = NaCl + 3 FeClg + 2 HoO + NO 
From the volume of the nitric oxide its weight can be calculated. 


* Z. anal. Chem., 9, 401 (1870), and B&r., 6, 1041 (1873). 
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The method of Schlosing in its original form* was not much used on account of 
the apparatus required; but after being modified by Grandeauf it has become one 
of the best methods for the determination of nitric acid. 

The apparatus necessary is shown in Fig. 93 and of a flask K 

fitted with a double-bored rubber stopper. Through one 
h, which reaches into the flask just to the lower surface of 
other hole pass the tube ending in a restriction about 



1 1 cm below the sl,o{)p(‘r. Connect the tube h by means of a i)iecc of rubber tubing 
5 cm lung, and pro\dde(l with a j)inch<x)ck, wit.h a sc<‘(>nd tube wdiose lower end 
rciUihes up into the rncasiiring-tube and is covered with rubber tubing sis is shown 
in the figure. In tJ\e same way connect, tlu^ t.ulx^ a with, a straight tube. 

^oluUom Tcquirvd. 1. A nit.ra(.e solution (jf known sl.nvngth; dissolve 2.022 g 
of rocrystalli/x‘(l pot,asHiuin nitnih^, dri(‘d at. IbO", in 1 1 of wa.ter. At 0" and 700 mm 
pressure, 50 ml of this solut.ion evolve 22.39 ml of NO. 

2. Ferrous chlorid(; solution. .Dissolve 20 g of iron (nails) in 100 ml of (Concen- 
trated ]iydrochIori(i acid. 

3. Six norma.l hydrochloric, acid, d. 1.1. 

Procedure. — VoMY 10 nil of wa.t(tr int.o K a-nd mark itw upper level 
on th(^ ouisidc of tlui flask with a colonul ikukuI, tlum add 40 ml more 
and mark its posif.ion. 

Now pour out the water tind add from a piped exactly 50 ml of the 
standard nitrate solution to K, instu't th(^ stopper with the delivery 
tubing in placC; a,nd open the pinchcocks h/ and h". Heat the contents 
of the flask to boiling wit-h a fre(‘ flame until no morci bul)bles of air 
escape from the lower end of h into the bath containing boiled water. 

* Annal. chim. el phy,^., [3], 40, 179 (isr>3). 

t Grandeau, Analyse chimupie appliquve d VagriruUure. 

f Grandeau used a S(q>arat()ry funnel instead (jf the tul'e a; tiie latf.er was proposed 
by Tiemann and Schulze, 
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To make sure that all the air is expelled from the apparatus, pinch the 
rubber tubing at /z' with the thumb and finger; if no air is present, 
the liquid will quickly rise in 6, exerting a noticeable pressure. Then 
close the pinchcock h' and continue the boiling until the 50 ml has 
been reduced to a volume of 10 ml; then remove the flame and close 
the pinchcock A". The lower end of a, which dips into distilled water, 
is immediately filled up to the pinchcock. The vapors in the flask 
condense, forming a vacuum, as shown by the closing together of the 
rubber tubing at W and A". 

Pour 30 ml of the ferrous chloride solution into a beaker and mark 
the upper level on the outside with a colored pencil, add 20 ml more 
and note the position in the beaker again. Place the lower end of the 
tube a in the ferrous chloride solution so that it reaches below the lower 
mark on the beaker, and, by opening A", allow 20 ml of the solution 
to pass into the flask K. Then replace the beaker containing the 
ferrous chloride with one containing boiled water. The tube a should 
not extend vertically into the water, but should be inclined as much 
as possible. The specifically heavier ferrous chloride solution in the 
tube passes into the water, and the water takes its place. When the 
lower end of a has become filled with pure water in this way, dip it into 
a beaker containing biV hydrochloric acid and allow about 20 ml of 
the acid to flow into iT, and finally add 3-4 ml of water to replace the 
acid in a. Now fill a 50-ml measuring-cylinder with boiled water, 
place over the lower end of 5 as shown in the figure, and heat the con- 
tents of the flask K 15 minutes on the water-bath,* then boil with a 
free flame. As soon as the compressed rubber tubing begins to ex- 
pand open A', but at the same time pinch the rubber tubing between 
the thumb and finger. WTien the Hquid no longer rises in 5, remove 
the hand from the rubber tubing and allow the nitric oxide to collect 
slowly in the measuring-tube. After half of the liquid has evaporated, 
no further evolution of nitric oxide is to be noticed, although the brown 
color of the solution shows that the gas has not been completely ex- 
pelled. To accomplish this, remove the flame, close and allow the 
liquid in if to cool. By means of the vacuum thus produced the re- 
mainder of the nitric oxide is expelled from the solution. Repeat the 
boiling once more, with the same precautions, until the lower mark is 
reached. Remove the flame, close A', and place the measuring-tube 
containing the nitric oxide in a cylinder containing pure water at the 
temperature of the room. To prevent the tube containing the gas 
from sioking, encase its upper end in a large cork so that it floats on the 

* The heating on the water-bath is necessary, as otherwise a little nitric acid will 
distil over and not be reduced. A. Wegelin, Inaug. Dissert. Zurich, 1907. 
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water. After standing 15-20 minutes raise the tube bv 
cork, until the level of the liquid within stands at the L 
that m the cylinder without, and read the volume of the 
®ame time take the temperature of tl 
eac 

If the temperature was t° , the barometer reading B mill; 
the tension of aqueous vapor at t° 

'i 0° and 760 mm pressure is 


F„ = 

760 (273 + t) 

standard potassium nitrate solution contain 0.1011 e 
0 IlNO, corresponding to 0.05401 g of N.O., so that the volume K 
of the nitnc o.vide corresponds to 0.05401 g of N^Or,. Reoeat tbp p 
penment several times and use the mean value. It is not permi 
0 assume that 0.1011 g of KNO;, will furnish exactly 22.39 ml of • 
oxide as a little always remains in the flask. 



Pra. 94. 


unknowSai P ?T ^^th 50 ml of the solution of the 

oxiS eTXd t^nT ^ “trie 

solution ° ° standard 
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Good results are obtained by this method but the rubber stoppers are 
attacked quite badly and analyses are sometimes spoiled by not opening 
the pinchcock h' at just the right time. These difSculties have been 
overcome by Wegelin* in the apparatus shown in Fig. 94. The decom- 
position flask K has a capacity of about 120 ml. Its neck is about 
9 cm long, and into it are fused glass tubes k and s connecting the flask 
with the funnel T and the delivery tubing G. The results are a little 
too high by this method so that it is advisable to carry out the standard- 
ization with about the same quantity of nitrate as taken for actual 
analysis. 

Modified Procedure. — Through the funnel T pour the concentrated 
solution of the weighed nitrate and rinse out the funnel with 50 ml 
of water. Close the stopcock a, and boil the liquid in K. Have 
the 75 cm long tube g in place, dipping under mercury in the small 
dish Gj but do not have the tube C over the end of the tubing. After 
half the liquid in K has boiled away, remove the flame and allow mercury 
to suck up into the tube g. Mark the height of the mercury; if it does 
not fall during 16 minutes, the apparatus is tight. Again heat the 
liquid in K to boiling, and when steam. escapes, at the bottom of g, 
open the stopcock Qi and drive out all air from the tubing k. Boil, 
with Cl open, until the liquid in K is reduced to 10 ml as shown by the 
mark etched on the flask. Then close Ci and allow the liquid in K to 
cool a little. Pour 20 ml of standard ferrous chloride solution into T 
and cause it to flow into K by carefuUy opening the stopcock but 
taking care not to let any air in. Rinse out T with 80 ml of 6 A" hy- 
drochloric acid and place the cylinder C, filled with mercury, over the 
end of the tubing g. Heat the contents of K 20 minutes, with the 
water-bath W in place, and then boil with a free flame until the volume 
of liquid is reduced to 10 ml. Remove the flame and transfer the gas 
in C into the Drehschmidt pipet, P, by lowering the leveling-bulb N, 
and opening Hi and Also introduce 0.5 ml of 33 per cent caustic 
potash solution through the tip of the stopcock Hi. This serves to 
absorb hydrochloric acid gas. After a little while, transfer the gas 
to a gas buret and measure it over mercury or over water. 

It is also permissible to collect the gas over water. In that case 
have the 75-cm tube g end in a 6-7 cm T-tube Gi open at both ends. 
Fill the dish n with mercury till level with the upper end of the T-tube 
and place n in the dish mi containing water. 


* Doctorate Thesisj Zurich, 1907. 
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Determination of Nitric Acid in a Drinking-water 

Evaporate 100-300 ml of the water to 40-50 ml in a porcelain dish, 
add a few drops of methyl orange indicator solution, and dilute hydro- 
chloric acid, free from nitrate, until the solution is pink. Now add 
sodium carbonate solution until the liquid is barely alkaline and wash 
the contents of the flask into the decomposition flask K, Fig. 93, and 
analyze as described on p. 404, but collect the gas over 10 per cent 
sodium hydroxide solution, to make sure that the carbonic acid is com- 
pletely absorbed. 

After the experiment with the water to be analyzed, repeat with 
an amount of the standard solution sufficient to evolve about the same 
quantity of nitric oxide. 

Remark. — In drinking-water the neutralization of the evaporated sample is not 
absolutely necessary, except with alkaline mineral waters; in that case the intro- 
duction of the hydrochloric acid would otherwise cause such a violent evolution of 
carbon dioxide that the flask might crack. 


Chloric Acid, HCIO 3 . Mol. Wt. 84.4=7 

Form: Silver Chloride, AgCl, besides volumetric and 
gasometric methods 

To determine chloric acid as silver chloride it must previously be 
reduced to chloride by means of ferrous sulfate or zinc. 

Reduction by Means of Ferrous Sulfate 

Dissolve 0.3 g of the salt in 100 ml of water, add 50 ml of a 10 per 
cent solution of crystallized ferrous sulfate, heat with constant stirring 
till the solution begins to boil, and keep at this temperature for 15 
minutes. After cooling, add nitric acid until the deposited basic ferric 
salt is dissolved, precipitate the chloride by means of silver nitrate, and 
weigh after the usual treatment. 

One gram of silver chloride corresponds to 0.8550 g. KCIO3. 

Reduction by Zinc 

Although chlorates are reduced in neutral solution by means of 
zinc or Devarda^s alloy, it is not advisable to effect the reduction in 
this way for quantitative purposes. The same end is reached more 
expeditiously by adding zinc-dust to an acetic acid solution. Treat 
the dilute chlorate solution with acetic acid until it reacts distinctly 
acid, add an excess of powdered zinc, and boil the solution for 1 hour. 
After cooling, add nitric acid in sufficient quantity to dissolve all the 
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excess of zinc, filter if necessary, and determine the chloride as silver 
salt (p. 300). 

Remark. — Both of the above methods afford exact results, but the former is to 
be preferred, for it requires less time. 

Chlorates are not decomposed quantitatively into chlorides by ig- 
nition in open vessels or in a current of carbon dioxide. Some chlo- 
rine and a little alkali is always lost, so that even when the residue is 
evaporated with hydrochloric acid, too low results are obtained. 

xAccording to the two following methods, the decomposition of alkali 
chlorate into chloride is quantitative. 

(a) By Evaporation with Hydrochloric Acid 

Cover 0.3 g of chlorate in a weighed porcelain crucible with 1.5 N 
hydrochloric acid. Place a watch glass upon the crucible, and heat 
the contents on the water-bath until the evolution of chlorine ceases. 
Rinse ofi the lower surface of the watch glass, and evaporate the con- 
tents of the crucible to dryness on the water-bath. Replace the cover 
and gently ignite over a free flame until the decrepitation ceases. After 
cooling in a desiccator, again weigh the crucible. 

(6) By Ignition with Ammonium Chloride 

Mix the alkali chlorate in a porcelain crucible with 3 times as much 
pure ammonium chloride, cover with a watch glass, heat over a free 
flame, keep in constant motion until the ammonium chloride is com- 
pletely removed, and weigh the residual alkali chloride. 

Perchloric Acid, HCIO4. Mol. Wt. 100.47 
Form: Silver Chloride, AgCl 

Perchlorates cannot be reduced to chloride by means of ferrous sul- 
fate, zinc, or by repeated evaporation with concentrated hydrochloric 
acid.* On ignition, some chlorine and alkali chloride and probably 
a little perchloric acid are lost, so that an error amounting to as much 
as 1 per cent may be expected. On the other hand, Winteler has 
shown that perchlorates may be changed to chlorides by heating with 
concentrated nitric acid and silver nitrate in a closed tube (see Carius’ 
method for determining chlorine in organic substances, p. 303), and 
L. Blangey found that ignition with ammonium chloride would ac- 
complish the same result. With 0.3 g of perchlorate and 2 g of am- 

* On evaporating with hydrochloric acid there is a loss without any evolution 
of chlorine; it is due to the volatilization of small amounts of perchloric acid. 
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moniiim chloridej 90 minutes should be sufficient for complete re- 
duction. 

Decomposition of Perchlorates by Ignition vsdth Ammonium Chloride 

By tmce igniting an intimate mixture of 0.5 g potassium perchlorate 
with 1.5-2 g of ammonium chloride in a 'platinum crucible covered with 
a watch glass, the perchlorate is completely changed to chloride. Care 
should be taken not to melt the residual chloride, for then the plati- 
num is attacked, although the accuracy of the results is not affected. 
The reduction cannot be accomplished completely in a porcelain cru- 
cible unless platinum is present as catalyzer. If 0.5 g of alkali per- 
chlorate is mixed with 1 g of ammonium chloride, and 1 ml of chloro- 
platinic acid solution (0.0918 g Ft) is added, a complete reduction can 
be accomplished by igniting and repeating with 2 more additions of 
ammonium chloride. 

Determination of Perchloric Acid in the Presence of Chloric Acid 

In one portion reduce the chlorate, as described on p. 408, with fer- 
rous sulfate, and determine the chloride formed as silver chloride. 
Ignite a second portion in an old platinum crucible (or in one of por- 
celain with the addition of 1 ml of chloroplatinic acid) and 3 times 
as much ammonium chloride (as described above). In this way the 
total amount of chlorine is obtained, and from these data the amount 
of each acid can be calculated. 

Determination of Perchloric, Chloric, and Hydrochloric Acids in the 
Presence of One Another 

The three acids are assumed to be present in the form of their alkali 
salts. 

In one portion determine the chloride-chlorine by precipitation with 
silver nitrate. In a second sample determine the chlorate and chlo- 
ride-chlorine after the chlorate has been reduced to chloride by means 
of ferrous sulfate. Determine the total amount of chlorine present 
in a third portion after ignition with ammonium chloride. 
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GROUP VI 

SULFURIC, HYDROFLUORIC, AND FLUOSILICIC ACIDS 

SULFURIC ACID, H 2 SO 4 . Mol. Wt. 98.08 
Form: Barium Sulfate, BaSO 4 

Theoretically the gravimetric determination of sulfuric acid is ex- 
tremely simple, it being only necessary to precipitate with barium 
chloride, filter, and weigh the barium sulfate. Practically, however, 
it is a process connected with many difficulties. 

According to the manner of precipitating barium sulfate, the com- 
position of the precipitate varies in such a way that sometimes the 
results are too high and sometimes too low. 

Errors Which May Occur in the Precipitation of Barixim Sulfate 

I. In the Precipitation of Barium Chloride with Pure Sulf uric Acid 

If a dilute, shghtly acid solution of barium chloride is treated at the 
boiling temperature with an excess of dilute sulfuric acid, the precipi- 
tate contains aU the barium except a very small, negligible amount. 
If, however, the precipitate is weighed, the result is invariably too low; 
and this is true even when the solution is evaporated to drjmess in order 
to recover the last traces of barium. The precipitate always contains 
barium chloride in a form which cannot be removed by washing. A 
mixture, therefore, of barium sulfate and barium chloride is weighed, 
and as the molecular weight of the chloride is less than that of the sulfate, 
the result must be too low. To obtain accurate results, the chlorine 
combined with barium in the precipitate must be replaced by SO4; 
and this can be accomplished by moistening the precipitate with con- 
centrated sulfuric acid, and heating until the excess of the acid is re- 
moved by volatilization. 

Not only is barium chloride carried down with barium sulfate, but 
all barium salts as well, especially the chlorate and nitrate. These 
are, however, readily changed to sulfate by the above treatment with 
concentrated sulfuric acid. It is immaterial in the estimation of barium 
how the precipitation is effected; whether the sulfuric acid is added 
quickly, or drop By drop, the results are always the same. 

II. In the Precipitation of Pure Sulfuric Acid with Barium Chloride 

This is the reverse process, but here it is not a matter of indifference 
whether the barium chloride is added slowly, drop by drop, or rapidly 
all at one time. In the first instance, the results are very near the truth 
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without applying any correction; in the second, too high results are 
obtained, because by the rapid addition of the reagent more barium 
chloride is carried down with the precipitate than when the reagent is 
added very slowly. 

To obtain the true weight of barium sulfate, it is often necessary to 
make a deduction for the amount of barium chloride contained in the 
precipitate and to add the weight of barium sulfate remaining in 
solution. 

The chlorine contained in the 'precipitate can he determined in several 
diSerent ways. 

1. Fuse the precipitate with 4 times as much pure sodium carbon- 
ate, extract the melt with hot water, filter, make the filtrate acid with 
nitric acid, and precipitate the chlorine wdth silver nitrate. Filter and 
weigh. 

2. Still more accurate is the process of Hulett and Duschak.* Place 

the ignited precipitate of barium sulfate in a U-tube of which one arm is 
drawn out into a thin, right-angled, gas dehvery tube. Add concen- 
trated sulfuric acid to the precipitate and heat the mixture by placing 
the U-tube in hot water. The barium sulfate dissolves readily in the 
hot, concentrated sulfuric acid, and the barium chloride present is de- 
composed. To determine the amount of hydrochloric acid set free, 
pass a slow stream of air, which has been washed with caustic potash 
solution, through the tube, with the drawn-out end of the latter dipping 
into a stout test-tube containing 0.01 iV silver nitrate solution. After 
2-2.5 hours all the hydrochloric acid will have been expelled from the 
sulfuric acid. > 

Remove the decomposition apparatus, rinse out the gas delivery 
tube with a little water, and determine the silver remaining in solution 
volumetrically (cf. Volhard Method). 

For the determination of the dissolved barium sulfate, evaporate the 
filtrate from the first precipitation to dryness, moisten the residue 
with a few drops of concentrated hydrochloric acid, take up with water, 
filter off the shght precipitate of barium sulfate, and weigh. During 
all such work take care to prevent sulfuric acid contamination from 
the air in the laboratory. The evaporation should, therefore, take 
place on the steam-bath or steam-table. 

Calculation of the True Weight of Barium Sulfate. — If the weight of 
the first precipitate of crude barium sulfate is a, the weight of the barium 
chloride contained in this precipitate, as determined by titration of the 
amount of chlorine, is 5, and the amount of barium sulfate in solution 
is c, then a — h + c represents the weight of pure barium suKate. 


* 2 '. anorg. Chem., 40 , 196 ( 1904 ). 
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Experience has shown, however, that when pure suKuric acid is pre- 
cipitated by means of dilute barium chloride solution added drop by 
drop, the errors h and c are approximately equal and counterbalance 
each other so that the weight a is very close to that of the pure barium 
sulfate. 

III. In the Precipitation of Sulfates with Barium Chloride 

Here the relations are far more complicated than in the precipita- 
tion of pure sulfuric acid, partly because the barium sulfate is more 
soluble in salt solutions than in water containing a little acid, and partly 
because of the tendency of barium suKate to occlude not only barium 
chloride but many other salts as well. Solutions of chromium sulfate 
are either violet or green. From the boiling-hot green solution only one- 
third of the sulfuric acid is precipitated, the remainder probably being 
present in the form of a complex chromium sulfate cation;* on cooling, 
the green solution gradually becomes violet, and after some time all 
the sulfuric acid is precipitated. The precipitation of barium sul- 
fate in the presence of ferric iron has been much studied. In the boil- 
ing-hot solution, not all the sulfuric acid is precipitated and consider- 
able iron is thrown down with the barium sulfate, and furthermore, the 
precipitate then loses SO 3 on ignition. Since ferric oxide weighs less 
than an equivalent weight of barium sulfate sometimes the results are 
as much as 10 per cent too low. On the other hand, Kiister, and Thiel f 
were able to get satisfactory results (1) by precipitating the sulfuric 
acid from such a solution in the cold, (2) by slowly adding the ferric 
chloride and sulfuric acid solution to the hot solution of barium chloride, 
or (3) by precipitating the iron by an excess of ammonia, heating, and 
adding barium chloride to the solution without filtering off the ferric 
hydroxide, and finally dissolving the latter in dilute hydrochloric acid. 

Most chemists, however, deem it advisable to remove trivalent metals 
before attempting to determine the sulfuric acid. This is accomplished 
in the case of ferric iron by adding a liberal excess of ammonia to the 
dilute, slightly acid solution which is at a temperature of about 70°. 
If 5-7 ml of concentrated ammonia {d. 0.90) is added in excess of the 
amount required for neutralization,^ the precipitate is not hkely to 
contain any basic ferric sulfate. If, on the other hand, the solution 
is barely neutralized with ammonia, the precipitate will invariably 
contain some sulfate. 

The bivalent metals are occluded- to a much less extent, so that it is 

* Recoura, Compt rend.^ 113, 857; 114, 477. 

t Z. anorg. Chem., 22, 424. 

t Pattinson, J. Soc. Chem. Ind., 24, 7. 
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not, as a rule, necessary to remove them. On the other hand, in the 
presence of considerable amounts of bivalent metal with relatively 
small amounts of sulfuric acid, the error arising from occlusion is likely 
to be large, so that it is better to remove the bivalent metals in such 
cases. The error caused by ferric salts can be largely overcome by 
reducing the iron with zinc. 

In the presence of alkali nitrate or chlorate the barium sulfate pre- 
cipitate Tvill contain considerable quantities of barium chlorate and 
nitrate wHch it is impossible to remove by washing with hot water. 
These acids, therefore, must be decomposed by evaporation with hydro- 
chloric acid before attempting to precipitate the sulfuric acid. 

In ordinar}^ chemical practice it is usually a question of determining 
sulfuric acid in a solution containing considerable amounts of ammo- 
nium or alkali chloride, ammonium or alkali sulfate, and some free 
hydrochloric acid. Now ammonium and alkali sulfates are also oc- 
cluded by barium sulfate, and the amount of occlusion increases as the 
solution is more concentrated with respect to these substances. For 
this reason it is evident that barium sulfate should always be precipi- 
tated in a dilute solution. On the other hand, if the solution is too 
dilute or very concentrated the crystals are so small that they will run 
through a filter, A small amount of free hydrochloric acid is indis- 
pensable, but larger amounts have a solvent effect upon the precipitate. 
One might think that adsorbed ammonium chloride would do no harm, 
but it has been found to cause some volatilization of SO3 during ignition. 

For an amount of sulfuric acid corresponding to 1-2 g of barium sul- 
fate, the precipitation should take place in a volume of 350-400 ml 
and in the presence of 1 ml of 12 iV hydrochloric acid. 

If a neutral solution is at hand, dilute to a volume of 350 ml and add 
1 ml of concentrated hydrochloric acid. Carefully neutralize an alha- 
Urn solution with hydrochloric acid, using methyl orange as indicator, 
add 1 ml of concentrated hydrochloric acid in excess, and dilute the 
solution to 350 ml. 

Finally, in the case of an acid solution, either evaporate to dryness, 
moisten the residue with 1 ml of concentrated hydrochloric acid, and 
add 350 ml of water, or, with methyl orange as indicator, neutralize 
the solution with ammonia, add 1 ml of concentrated hydrochloric acid, 
and dilute to 350 ml. 

After the solution has been prepared in accordance with the above 
directions it is ready for the 
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Precipitation of Sulfuric Acid in the Presence of Amynonium or Alkali 
Salts according to E. Hintz and H. Weber 

Heat the solution to boiling, and for each 0.12 g of sulfur use 100 ml 
of 0.1 N barium chloride solution. Heat to boiling, and add the hot 
reagent all at once, stirring the hot solution of the sulfate. After the 
solution has stood for half an hour, best in a warm place, filter, wash 
with hot water, and ignite (cf. p. 88). The use of a Gooch or Munroe 
crucible is to be recommended. 

Eeynarhs. — In the presence of ammonium salts the precipitation of the barium 
sulfate should not be effected by the slow addition of the barium chloride, as is 
otherwise desirable, for, as Hintz and Weber have shown, this leads to low results, 
whereas the occlusion caused by the rapid addition of the barium chloride counter- 
balances this error. 

Under no circumstances should a precipitate of barium sulfate be heated over 
a blast lamp, for then sulfuric anhydride is evolved from the barium sulfate. 

To explain the occlusion of barium chloride by barium sulfate, Hulett and Duschak* 
have suggested that perhaps the precipitate may contain salts such as BaCl*HS04, 
(BaCl) 2 S 04 , and Ba(HS 04 ) 2 , and Folinf believes this is so because some of his pre- 
cipitates have lost SO3 on ignition whereas others have lost HCl. He also suggests 
the possibility of salts such as Ba(KS 04)2 being precipitated. 

Determination of Sulfuric Acid in Insoluble Sulfates 

Calcium and strontium sulfates can be decomposed by long digestion 
with ammonium carbonate solution. Barium sulfate is decomposed 
so slowly by boiling with a soluble carbonate that it is best to mix with 
4 times as much sodium carbonate, fuse in a platinum crucible, extract 
the melt with water, and wash the barium carbonate residue with so- 
dium carbonate solution. Make the filtrate acid with hydrochloric acid, 
boil off the carbon dioxide, and precipitate the sulfuric acid as usual. 

Lead sulfate can be decomposed by boiling with sodium carbonate 
solution; after cooling, saturate the solution with carbon dioxide and 
filter. The lead remains behind as carbonate; the filtrate contains 
all the sulfuric acid. 

For the determination of sulfuric acid in silicates, fuse the finely 
powdered substance with 6 times as much sodium carbonate, extract 
the melt with water, make the filtrate acid with hydrochloric acid, and 
evaporate to dryness to dehydrate the silica. Moisten the residue "with 
a little concentrated hydrochloric acid, take up in hot water, and filter 
off the silicic acid. Determine the sulfuric acid in this filtrate. 


* Z. anorg. Chem., 40, 196 (1904). 
t /. Biol. Chem.y 1 , 131 (1905). 



416 GRAVIMETRIC DETERMINATION OF ACID CONSTITUENTS 


Determination of Sulfuric Acid in the Presence 
of Soluble Sulfides 

Place the substance in a flask, replace the air by carbon dioxide, 
add dilute hydrochloric acid, and boil the solution while passing carbon 
dioxide through it until all the sulfide has been expelled. Then pre- 
cipitate the sulfuric acid from the solution. 

This determination is used in the analysis of cements but the hydro- 
chloric acid solution of the cement will contain much calcium as well 
as iron and aluminum. It is best to precipitate these metals by the 
addition of ammonia and ammonium carbonate and determine the sul- 
furic acid in the filtrate. 

If it is desired to determine the amount of sulfide-sulfur, cover the 
substance with concentrated hydrochloric acid that is saturated with 
hquid bromine, dilute, add hydrochloric acid and boil the solution to 
expel the excess of the bromine. Precipitate the iron, aluminum, and 
calcium by ammonia and ammonium carbonate, and determine the 
total suKur in the filtrate. The difference between the two results 
represents the amount of suKur present as sulfide. For the volumetric 
determination of sulfuric acid consult Part II. 

Hydrofluoric Acid, hf. Mol. wt. 20.01 

Forms: Calcium Fluoride, CaF2; Silicon Fluoride, SiF4, besides 
volumetric and gasometric methods 

1 . Determination as Calcium Fluoride 

If the solution contains free hydrofluoric acid or an acid fluoride, 
add sodium carbonate until the reaction is alkaline and from one-fourth 
to one-fifth as much more in excess. By the excess of sodium carbon- 
ate the subsequent precipitate of calcium fluoride wfll contain calcium 
carbonate, which renders the precipitate easy to filter. A pure precipi- 
tate of calcium fluoride is shmy and the pores of the filter become so 
clogged that it is almost impossible to complete the filtration. To 
solutions of neutral fluorides, add about 1 ml of 2 sodium carbonate 
solution. Heat the alkaline solution to boiling, add an excess of cal- 
cium chloride solution, filter, and thoroughly wash the precipitate of 
calcium fluoride and carbonate with hot water. Dry the precipitate, 
transfer as much of it as possible to a platinum crucible, add the ash of 
the filter, and ignite the contents of the crucible. The ignition makes 
the CaF 2 denser and hence easier to filter. After cooling, cover the 
mass with an excess of dilute acetic acid; this changes the lime to the 
soluble acetate, but does not affect the fluoride. Evaporate the mix- 
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ture to dr 3 niess on the water-bath; moisten the residue with water and 
a few drops of 6 N acetic acid. Filter off the insoluble calcium fluoride, 
wash, and dry. Transfer as much of the dried CaFs to the crucible as 
possible, burn the filter paper, add its ash, and after ignition weigh the 
crucible. To confirm the result treat the substance with a little con- 
centrated sulfuric acid (added cautiously), evaporate off the excess of 
the acid, once more ignite, and weigh the contents of the crucible as 
calcium sulfate. Calcium fluoride is not volatilized in an open platinum 
crucible heated over a Bunsen burner. Heated over the blast lamp, 
there is appreciable volatilization. 

One gram CaF 2 3 delds 1.7436 g CaS 04 . 

Remark. — The results are usually a little low on account of the solubility of 
calcium fluoride; 100 ml of water dissolves 0.0016 g and 100 ml of 1.5 N acetic acid 
dissolves 0.011 g CaF 2 at the temperature of the water-bath. 

Exam'ple: Determination of Fluorine in Calcium Fluoride. — Calcium fluoride 
alone is not decomposed completely by fusing with sodium carbonate; but if mixed 
with 2| times as much silica and then fused with 6 times as much sodium- 
potassium carbonate, the greater part of the silicic acid and all of the fluorine will 
be changed to soluble alkali salts, while the calcium will be left as insoluble calcium 
carbonate. The mixture must be heated gradually (best in a platinum dish), as 
othervdse the evolution of carbon dioxide may cause the melt to boil over. The 
thin hquid fusion soon changes to a thick paste or only sinters somewhat. On raising 
the temperature, it is almost impossible to further melt this mass, and it is not neces- 
sary. In fact, too high a temperature is to be avoided on account of the danger of 
losing some alkali fluoride by volatilization. The reaction is complete when there 
is no further evolution of carbon dioxide. After cooling, treat the melt with water, 
filter off the insoluble residue and thoroughly wash with hot water. Remove silicic 
acid by adding 4 g of ammonium carbonate,* heat for some time at about 40®, 
allow to stand over night, and in the morning filter off the voluminous precipitate. 
Wash it with 2 per cent ammonium carbonate solution (pure water vdll give a 
turbid filtrate). The filtrate now contains only a small amount of silicic acid. 
Evaporate almost to dryness on the water-bath, f dilute with a little water, and 
add a few drops of phenolphthalein indicator solution. The liquid is colored pink 
by the indicator ; add enough nitric acid to make it colorless. Heat the solution to 
boiling, which causes the reappearance of the pink color. After cooling again dis- 
charge the color with nitric acid, and repeat this operation until finally the addition 
of 1-lf ml of 2 W nitric acid is sufficient to effect the decolorization. 

The solution still contains a little silicic acid which can be removed, as recom- 
mended by Berzelius, by precipitating with 2 ml of ammoniacal zinc oxide. To 
prepare this, add sodium carbonate to a neutral zinc solution, heat to boiling, filter 
and wash with hot water. Dissolve the precipitate in the Schaffgottsche ammonium 

* Before adding the ammonium carbonate, the greater part of the alkali car- 
bonate should be neutralized with dilute hydrochloric acid, but care should be taken 
not to make the solution acid. 

t The liquid foams during the evaporation owing to the decomposition of the 
excess of ammonium carbonate; the evaporating-dish should be covered with a 
watch glass until the evolution of carbon dioxide ceases. 
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carbonate reagent (p. 84). After the addition of the ammoniacal zinc solution, 
heat to boiling till the ammonia is wholly expelled, filter, and wash the precipitate 
with hot water. 

The above-prescribed use of nitric acid instead of hydrochloric acid is necessary 
because some phosphate is likely to be present which must be removed. To the 
still alkaline solution, add silver nitrate in slight excess. This serves to precipitate 
the phosphate (chromate), chloride, and carbonate of silver. Heat slightly, filter, 
and wash ^^nth hot water. Remove the excess silver by adding a little sodium 
chloride solution. Boil to coagulate, filter, and wash the precipitate with hot water. 
Add 1 ml of 2.V sodium carbonate solution and precipitate with calcium chloride 
as described on p. 416. 

Determination of Silica and Fluorine in Glasses and Enamels 

The method just described is tedious. Hoffman and Lundell* have modified the 
procedure, so that the determination of fluorine and silica can be made in silicates in 
much less time and with greater accuracy. Instead of precipitating the fluorine as 
calcium fluoride, it is obtained as lead chlorofluoride, PbClF, which can be dissolved 
in dilute nitric acid and the chloride content determined by titration with silver 
nitrate (see Volhard Method). 

The precipitation of lead chlorofluoride should take place in a solution of 2% 
3.5-5.6. The presence of as little as 0.5 mg of aluminum causes low results as does 
more than 50 mg of boron, 0.5 g of ammonium, or 10 g of sodium or potassium. In 
the volumetric procedure small quantities of silica, phosphates, or sulfates do no 
harm. Phosphate may cause the filtrate from the lead chlorofluoride precipitate 
to become turbid. 

Lead chlorofluoride is appreciably soluble in water (0.325 g in 1 1 of water at 25°) 
but is practically insoluble in a saturated solution of lead chloride in cold water. 
Moreover, in washing the precipitate with water, less of the precipitate dissolves 
than corresponds to the formation of a saturated solution. 

Procedure. — Fuse 0.5 g of sample, in a platinum crucible with about 
5 g of sodium carbonate. Leach the cooled melt with hot water and 
filter when its disintegration is complete. Wash back the insoluble res- 
idue into the beaker used for the leaching, add 50 ml of 2 per cent so- 
dium carbonate solution, boil a few minutes, filter, and wash with hot 
water until a drop of the filtrate is neutral to red litmus paper. The 
residue will contain a part of the silica in the original sample and must 
be saved for its determination. 

To the combined filtrates, at a volume of about 300 ml add zinc 
nitrate solution which has been prepared by dissolving 1 g of zinc oxide 
in 20 ml of 1.5 iV nitric acid. Boil 1 minute and filter off the precipi- 
tate. Wash thoroughly with hot water and save this precipitate also 
for the silica determination. 

Add a few drops of methyl red indicator solution to the filtrate and 
nearly neutralize with nitric acid. Evaporate to about 200 ml, but 

* Bur. Standards J. Research, 3, 58 (1929). 
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take care that the solution remains sUghtly alkaline. After this evapo- 
ration, however, add 1.5 iV nitric acid until the color of the solution is a 
very faint pink. Now add an ammoniacal zincate solution prepared by 
treating 1.0 g of zinc oxide and 2.0 g of ammonium carbonate vdth 20 
ml of water and 2 ml of concentrated NH4OH and digesting on the 
water-bath until the solution is clear, and heat in a covered platinum 
dish until there is no more odor of ammonia, which usually requires 
evaporation to about 50 ml. Add 50 ml of warm water, stir, digest a 
few minutes, filter, and wash the precipitate with cold water. It con- 
tains the last traces of silica, and the filtrate contains all the fluorine. 

Determination of Silica, — With the aid of a jet of 0.6 N hydro- 
chloric acid, transfer the three precipitates obtained above to the dish 
in which the last precipitation was made. Ignite the filters and add 
any residue to the contents of the dish. Now add 25 ml of concentrated 
hydrochloric acid and evaporate to dryness on the steam-bath. Remove 
the dish from the steam-bath, moisten the residue with 10 ml of con- 
centrated hydrochloric acid, warm slightly, and then add 100 to 150 ml 
of hot water. Digest on the steam-bath for 15 minutes, filter, and wash 
thoroughly with hot dilute 0.6 N hydrochloric acid and then with hot 
water. Return the filtrate and washings to the dish in which the evapo- 
ration was made, add 10 ml of concentrated sulfuric acid, and evaporate 
until fumes of sulfuric acid are evolved. Allow to cool, add 100 to 150 
ml of water, heat carefully until salts are in solution, filter, and wash 
with hot water. Place the two papers containing the silica in a weighed 
platinum crucible, heat slowly until dry, next char the paper without 
inflaming, burn ofi the carbon at as low a temperature as possible, and 
finally ignite to about 1000° C. Cool in a desiccator, weigh, and repeat 
the heating until a constant weight is obtained. Determine the silica 
by treatment with hydrofluoric and sulfuric acids in the usual manner. 

Determination of Fluorine. — Take the filtrate from which the three 
impure silica precipitates were removed and add a few drops of bromo- 
phenol blue indicator solution.* Adjust the volume of the solution 
to 250 ml, add dilute nitric acid until the color changes to yellow, and 
then add dilute sodium hydroxide until it changes just to blue. Now 
add 2 ml of 6 A hydrochloric acid and 5 g of sohd lead nitrate, and 
heat on the steam-bath. As soon as the lead nitrate is in solution, add 
5 g of sohd sodium acetate, stir vigorously, and digest on the steam-bath 
for J hour with occasional stirring. Allow to stand at least 4 hours at 
room temperature and then decant the solution through a paper of 

* Prepared by triturating 0.4 g of the dry powder with 6 ml of 0.1 A NaOH and 
diluting to 100 ml. 
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close texture. Wash the precipitate, beaker, and paper once with 
cold water, then 4 to o times with a cool saturated solution of lead 
chlorofluoride and then once more mth cold water. 

Transfer the precipitate and paper to the beaker in which the pre- 
cipitation was made, stir the paper to a pulp, add 100 ml of 0.75 iV 
nitric acid, and heat on the steam-bath until the precipitate is dis- 
solved. Then add a slight excess of standard, approximately 0.2 iY 
solution of silver nitrate, carefully noting the volume. Digest on the 
steam-bath for | hour, cool to room temperature while protected 
from the light, filter, wash with cold water, and determine the silver 
nitrate in the filtrate by titrating with of a standard solution of po- 
tassium thiocyanate (see Volumetric Determination of Silver).* 


2. Determination as Silicon Fluoride 

This method, proposed by Fresenius, depends upon the fact that many fluorides 
are decomposed by the action of concentrated sulfuric acid and silica; the fluorine 
escapes as silicon fluoride, which can be absorbed and weighed. 

Procedure. — The same reagents and a very similar apparatus to 
that described on p. 421 are required for this determination, except that 
in place of the Peligot tubes (Fig. 95, p. 422) two weighed, glass-stop- 
pered U-tubes are used, of which the first is filled with moistened pieces 
of pumice, and the second has one arm filled with soda-lime and the other 
with calcium chloride. The analysis is carried out in exactly the same 
way as is described for the Penfield method (see below) but at the end 
of the experiment the two U-tubes are weighed. The increase in weight 
represents the amount of SiF 4 , and from this the amount of fluorine 
present is calculated as follows: Assume that a grams of calcium fluoride 
yielded p grams of SiF 4 . The treatment with the concentrated sulfuric 
acid caused the following reaction to take place: 

2 CaFs + 2 H2SO4 + SiOa = 2 CaS 04 + 2 H2O + SiF4 


consequently, 


4F>p>lQ0 ^ 73.01 p 
SiF4 • a a 


= per cent fluorine present. 


Remark. — This method is suitable for the determination of fluorine in all fluorides 
that are decomposed by sulfuric acid- The analysis can be carried out in the presence 
of phosphates, but if carbonates are present they should be decomposed by ignition 
before the treatment with sulfuric acid. According to K. Daniel, exact results 


In routine work the determination of fluorine can be made without removing 
the last traces of silica with ammoniacal zincate solution. To apply the above 
procedure to the analysis of fluorite or other minerals containing little silica, about 
0.6 g of pure silica should be added to 0.25 g of the sample before fusing with sodium 
carbonate at the start of the analysis. 
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are obtained only when the decomposition of the fluoride takes place at the tempera- 
ture at which sulfuric acid boils. The method is not suitable for the determination 
of fluorine in topaz and micas. 

Determination of Fluorine as Fluosilicic Acid, according to 
S. L. Penfield. Modified by Treadwell and Koch 

Principle. — In this method the fluorine is expelled as silicon fluoride exactly as 
in the above method of Fresenius, but the gas is absorbed in 50 per cent alcoholic 
potassium chloride solution. By contact with water the silicon fluoride is decom- 
posed into fluosilicic and silicic acids. The former unites with the potassium 
chloride, forming potassium fluosilicate, insoluble in 50 per cent alcohol: 

3 SiF4 + 3 H 2 O -> 2 HsSiFe + HoSiOs HsSiFg + 2 KCl = KaSiFe -f- 2 HCl 

and sets free an equivalent amount of hydrochloric acid which can be titrated with 
0.2 N sodium hydroxide solution, using cochineal as an indicator. From the above 
equations, it is evident that 

1000 ml 0.2 N HCl = mole CaFa == f F 
.*. 1 ml 0.2 N NaOH = 0.0234 g CaFa or 0.0114 g F 

Requirements. 1. Pure Quartz Powder. — Place pieces of pure rock crystal in a 
platinum crucible, heat strongly over the blast lamp, and then drop into cold water. 
After this treatment it is very easy to reduce the quartz to a fine powder by grinding 
in an agate mortar. Ignite the powder, and while still warm transfer to a flask 
fitted with ground-glass stopper. Allow the open flask and its contents to cool in 
a desiccator, stopper, and set aside. 

2. Sea Sand. — Treat clean sea sand with boiling, concentrated sulfuric acid, wash, 
dry, ignite, and cool in a desiccator. 

3. Anhydrous Sulfuric Acid. — Heat pure, concentrated sulfuric acid in a porcelain 
crucible until it is reduced one-third in volume and allow to cool in an empty 
desiccator. 

Procedure. — Mix 0.1 g of the dry fluoride in an agate mortar, which 
is placed upon black glazed paper, with 2 g of the quartz powder, and 
transfer through the cylindrical arm A of the perfectly dry decompo- 
sition apparatus to the pear-shaped compartment B shown in Fig. 95. 
Then add 1.5-2 g of the sea sand, and mix with the rest of the material 
by shaking the apparatus. Then make connection with the dry U-tube, 
D, containing glass beads.* Place 15 ml of alcohol saturated with potas- 
sium chloride in each of the two Peligot tubes P and Pi. When the 
apparatus is connected as shown in the drawing, allow a dry current 
of air,t free from carbon dioxide, to enter at A, and pass through the 
apparatus at the rate of 2 or 3 bubbles per second. Then without stop- 
ping the air current, introduce about 20 ml of anhydrous sulfuric acid 
into the decomposition apparatus through the funnel T. By intro- 

* This tube serves to keep back any sulfuric acid that is carried over mechanically. 

t Wash the air by passing it through caustic potash solution, and dry it by passing 
through granular calcium chloride and concentrated sulfuric acid. 
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ducing the sulfuric acid in this way while maintaining the air current, 
the sulfuric acid and the greater part of the silica and fluoride mixture is 
made to pass directly into the compartment B. After adding the sul- 
furic acid, place the decomposition vessel in a paraffin-bath and heat 
slowly to a temperature of 130° to 140°. The evolution of silicon 
tetrafluoride at once begins, as is e\ddent from the formation of foam. 
Continue passing air and heating the bath for 5 hours ; then turn down 
the flame under the bath and pass air through the apparatus for half an 



hour longer at the rate of 3-4 bubbles per second. During the heating 
the apparatus should be frequently shaken in order to bring the suKuric 
acid into contact with all portions of the solid mixture. It is not neces- 
sary, however, with this arrangement of the apparatus, to shake as 
frequently as in the forms of apparatus described by Penfield and by 
Fresenius, because the air in its passage through the narrow connecting 
tube between A and B of the decomposition apparatus serves of itself 
to effect a good mixing. To accomplish this end, however, it is neces- 
sary to construct the apparatus exactly as shown in Fig. 95 ; the con- 
necting tube between A and B must be so narrow that it is completely 
filled with the bubbles of air passing, and furthermore the parts marked 
c e 6 must form an inclined plane upon which the substance can readily 
pass back and forth. If there is a hollow in the apparatus at c e 6, in 
which some of the substance can collect, the sulfuric acid may not come 
in contact with some of the fluoride so that the decomposition will be 
incomplete. Similarly it is necessary to guard against making the 
connecting tube c e too narrow, as otherwise the air will not pass in a 
uniform stream, but in spurts, so that in spite of the long tube D some 
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of the sulfuric acid fumes are likely to reach the Peligot tubes and there- 
by give rise to high results. 

If not more than 0.1 g of the fluoride is present, the action is over at 
the end of hours, and this is evident, as Daniel* was the first to dis- 
cover, from the fact that the foaming in the apparatus ceases; the hydro- 
chloric acid which has been set free in the Peligot tubes can now be 
titrated. To this end add a few drops of fresh cochinealf solution to 
each tube and titrate the contents with 0.2 iV potassium hydroxide 
solution with frequent shaking, until the indicator changes from yellow 
to red. This is, however, by no means the correct end point, because 
as Penfield observed, the gelatinous silicic acid encloses very appre- 
ciable amounts of hydrochloric acid. The silicic acid, therefore, must 
be thoroughly worked over with a stirring-rod and the addition of the 
alkali continued until the color change is permanent. 

Remark. — This method is capable of giving excellent results but it is important 
that the apparatus and all the reagents added to the decomposition vessel should 
be perfectly dry. Phosphates do not interfere but carbonates must be removed 
by a preliminary ignition. If the min eral contains “combined water there is 
danger of losing hydrofluoric acid by this ignition, but such loss can be prevented 
by adding an oxide such as lime or litharge. 

The procedure can be modified to apply to the determination of fluoride in native 
sulfides such as sphalerite.^ In this case mix 1 g of the substance (dried at 110°), 
with 2 g of sand and 2 g of anhydrous copper sulfate, and cover with 10 g of anhydrous 
chromic acid anhydride (CrOa). After introducing sample and the sulfuric acid, 
as described above, gradually raise the temperature to 130-140° during 2 hours 
while passing a current of dry, C02-free air through the apparatus, and then heat 
3 hours at this temperature. 

In former editions of this book, it was proposed to dry the sulfuric acid over phos- 
phorus pentoxide, but such acid evolves a little sulfuric anhydride in the analysis 
and the results are usually about 0.4 per cent too high. 


Determination of Fluorine in Mineral Waters 

Evaporate 1-10 1 of the water (according to the amount of salts pres- 
ent) to a small volume, in a large dish, adding enough sodium carbonate 
to keep the solution slightly alkaline. Add an excess of calcium chlo- 
ride, boil, filter off the precipitate and wash it with hot water until free 
from chlorides. Dry the precipitate, transfer it as completely as 
possible to a platinum dish, add the ash of the filter to the main precipi- 
tate, and gently ignite. This residue contains all the fluorine as calcium 

* Z. anorg. Chem., 38, 257 (1904). 

t Instead of cochineal, methyl orange may be used, although it is necessary then 
to add an equal volume of alcohol before titrating the hydrochloric acid. 

t L, da Rocha-Schmidt and K. Kruger, Z. anal. Chem.j 63, 29 (1923). 
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fluoride, besides considerable calcium (possibly strontium) and mag- 
nesium carbonates, iron, aluminum, and manganese oxides, often barium 
sulfate, and almost invariably some calcium phosphate. Moisten it with 
an excess of dilute acetic acid, allow to stand for some time with frequent 
stirring, and then evaporate to dryness on the water-bath. Treat this 
residue with wmter, filter, and wash with hot water. Transfer as much 
of it as possible to a platinum crucible, add the ash of the filter, and 
gently ignite the contents of the crucible. Mix 0.5-1 g of ignited quartz 
pow^der with the residue in an agate mortar. Transfer the mixture to the 
decomposition vessel A, Fig. 95, and treat with concentrated sulfuric 
acid exactly as described above by the. method of Penfield. As only 
very little fluorine is present in this case, two small U-tubes can be used 
instead of the large Peligot tubes shown in Fig. 95. 

Remark. — The formation of a precipitate in the first U-tube at the place marked 
a a in Fig. 95 indicates the presence of fluorine. It is well to confirm it by the etch- 
ing test. After carrying out the titration of the hydrochloric acid set free, transfer 
the contents of the U-tube to a platinum dish, add a few drops of 2 N sodium car- 
bonate, and evaporate the solution to dryness. Add ammoniacal zinc oxide (cf. 
p. 417), and again remove the liquid by evaporation. Take up the residue in water, 
and filter off the zinc oxide and silicate. Treat the filtrate with calcium chloride as 
described on p. 416, and apply the etching test. 


Gas-Volumetric Determination of Fluorine according to 
Hempel and Oettel 

See Part III, Gas Analysis. 

Separation of Fluorine 
{a) From the Metals 

For the determination of the metals present, the fluorine usually 
can be removed by heating with concentrated sulfuric acid. However, 
with many silicates containing fluorine, e.p., topaz, lepidolite, and other 
micas, this treatment will not accomplish the desired result. In such 
cases fuse the mineral with 4-6 times as much sodium-potassium car- 
bonate, and remove the silica and aluminum as described on p. 417 
by treatment with ammonium carbonate and ammoniacal zinc solution. 
Use the precipitates for the determination of aluminum and silica and 
the filtrate for the determination of the fluorine. The alkalies must be 
determined in a separate portion of the original substance (pp. 436, 437). 



SEPARATION OF FLUORINE FROM ACIDS 


425 


(h) Separation of Fluorine from the Acids 

1. Determination of Hydrochloric and Hydrofluoric Acids in the 
Presence of One Another 

With soluble alkali salts, precipitate the fluorine from the solution by 
means of a little sodium carbonate and an excess of calcium nitrate 
solution, as described on p. 416. Make the filtrate acid with nitric 
acid and determine the chlorine by precipitation with silver nitrate, 
according to p. 300. 

It is simpler to treat the solution containing hydrochloric and hydro- 
fluoric acids in a platinum evaporating dish with nitric acid and silver 
nitrate. Silver chloride is alone precipitated and can be filtered ofl, 
using a funnel of hard rubber, or a glass one coated over with wax. 
Wash the precipitate and weigh as described on p. 300. When phos- 
phoric acid also is present, precipitate it with the chloride by the ad- 
dition of silver nitrate to the slightly alkaline solution. Filter off the 
precipitate, wash with as little cold water as possible, and treat the 
precipitate with dilute nitric acid. By this means the silver phos- 
phate goes into solution, while the silver chloride is unaffected. To 
determine the amount of phosphoric acid present, remove the silver 
from the solution by the addition of hydrochloric acid, and precipitate 
phosphoric acid in the filtrate by addition of magnesia mixture and 
ammonia (cf. p. 391). 

In the filtrate from the silver phosphate and silver chloride precipi- 
tate, remove the excess of silver nitrate by the addition of sodium chlo- 
ride and determine the fluorine as calcium fluoride. 

In the case of an insoluble compound containing chlorine and fluorine, 
extract the melt obtained after fusing with sodium-potassium car- 
bonate with water, remove the silica with ammonium carbonate and 
ammoniacal zinc solution as described on p. 417, and determine the 
chlorine and fluorine as above. 

Usually it is more convenient to determine the two acids in separate 
portions of the substance. 

2. Determination of Boric and Hydrofluoric Acids 

To the solution containing the alkali salts of these two acids add an 
excess of calcium chloride at the boiling temperature. Filter off and 
wash with hot water. 

Gently ignite the precipitate, consisting of calcium carbonate, cal- 
cium fluoride, and some calcium borate, treat with dilute acetic acid, 
evaporate to dryness, and add more acetic acid and water. By this 
means the calcium acetate and calcium borate go into solution, while 
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the calcium fluoride is left behind and can be determined as described 
on p. 416. For the boric acid determination take a second portion of 
the solution, make barely acid with acetic acid, and treat with a slight 
excess of calcium acetate solution to precipitate the fluorine. Place 
the solution, together with the calcium fluoride precipitate, in the 
Gooch retort and subject to distillation as described on p. 386. 

Fluosilicic Acid, H 2 SiF 6 . Mol. Wt. 144.08 

Forms: Calcium Fluoride, CaF 2 ; Potassium Fluosilicate ; 
or volumetrically 

1. Determination as Calcium Fluoride 

Principle. — Alkali fluosilieates are decomposed on heating with sodium carbonate 
solution into fluoride and silicic acid: 

NaoSiFe + 2 NaaCOs + H 2 O - 6 NaF + HsSiOs + 2 CO 2 

If a solution to be analyzed contains free fluosilicic acid or its sodium salt, add 
sodium carbonate solution until the reaction is alkaline and then considerable ammo- 
nium carbonate. Heat the solution to about 40°, and, after standing 12 hours, 
filter off the precipitated silicic acid. 

The solution now contains all the fluorine as sodium fluoride, in the presence of 
small amounts of silicic acid, which can be precipitated by the addition of ammo- 
niacal zinc solution (see p. 417). In the filtrate determine the fluorine as calcium 
fluoride, as described on p. 416. 

Fuse an insoluble fluosilicate with 4 times as much sodium-potassium carbonate, 
extract the melt with water, and subject the solution to the above treatment. 

2. Determiaation as Potassium Fluosilicate 

This analysis is applicable only for the determination of free fluosilicic acid in 
aqueous solution. 

Procedure. — Treat the solution with potassium chloride and an equal 
volume of absolute alcohol. Filter off the barely visible potassium 
fluosilicate through a tared filter which has been dried at 100°. After 
washing with 50 per cent alcohol dry the precipitate at 100° and weigh 
as K 2 SiF 6 . 

The volumetric determination of fluosilicic acid will be discussed in 
Part II. 

Analysis of Salts of Fluosilicic Acid 

For the determination of the metal present, treat the salt with con- 
centrated sulfuric acid in a platinum dish and heat until dense fumes 
of sulfuric anhydride are given off; silicon fluoride and hydrofluoric 
acid volatilize, while the metals are left behind as sulfates (cf. Vol. I). 
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Determination of Water Present in Fluosilicates {Rose-Janiiasch)^ 

The water cannot be determined by ignition, because all fluosUicates, 
even topaz, evolve silicon fluoride when subjected to this treatment 
(cf. VoL I). If, as proposed by Rose, the substance is fused with 6 to 
8 times as much lead oxide, aU the water is evolved, while the fluorine 
remains behind: 

RsSiFe + 3 PbO = 2 RF + 2 PbFa + PbSiOs 

The analysis is best performed according to the directions of Jannasch: 
Blow a bulb with a capacity of about 25 ml near one end of a tube of 
dfficultly fusible glass which is 26 cm long and 1 cm wide. Near the 
middle of the longer side of the tube, between asbestos plugs, place a 
layer 3-5 cm long of pulverized, anhydrous lead oxide, and connect this 
end of the tube with two weighed calcium chloride tubes. Place the 
substance in the bulb, add 6-8 times as much lead oxide, and mix with 
the substance by carefully revolving the tube. Conduct a dry current 
of air through the apparatus and slowly melt the contents of the bulb. 
All the water and often some of the fluorine is thereby expelled, and the 
fluorine is absorbed by the layer of lead oxide. At the end of the opera- 
tion cautiously heat this layer with a moving flame until no more water 
condenses in the cooler part of the tube. When all the water has been 
driven over into the calcium chloride tubes, weigh them with the custom- 
ary precautions. 


GROUP VII 

SILICIC ACID (ALSO TANTALIC AND NIOBIC ACIDS) 
Silicic Acid, HsSiOs. Mol. Wt. 78.08 
Form: Silicon Dioxide, Si02 

Two cases must be considered: 

(a) The silicate is decomposed by acids. 

(5) The silicate is not decomposed by acids. 

(a) Silicates Decomposed by Acids 

Weigh out 0.5 g of the powdered silicate into a porcelain dish, add 
25 ml of water, and stir till the silicate is thoroughly wet. Add in 
small portions, while heating the casserole and stirring, 25 ml of 6 iV 
hydrochloric acid. Evaporate upon the water-bath with frequent stir- 


* Rose-Finkener: LeJiThuch dev afwlyt. Ch., Vol. II, and Jannasch., PraJctischer 
Leitfaden der Gewichtsanalyse, 
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ring until tlie residue is obtained in the form of a dry powder. In 
many cases the decomposition is shown to be complete by the fact that 
no gritty particles can be felt with the stirring-rod on the bottom of the 
dish. If, however, the substance contained quartz or some silicate that 
is not decomposed by hydrochloric acid, this is not the case and the 
procedure described on p. 430 should be followed. Heat the residue for 
at least an hour in the hot closet at 120-130°, to dehydrate the silica. 

^Moisten the dry powder with concentrated hydrochloric acid and 
allow’ the covered dish to stand for 10 minutes at the ordinary tempera- 
ture, in order that basic salts and oxides formed during the evaporation 
and drying may be once more changed to chlorides. Then warm gently, 
dilute with 100 ml of water, heat to boiling, and, after the silicic acid 
has been allowed to settle,- decant the clear liquid through a filter sup- 
ported upon a platinum cone or a hardened filter placed in the apex of 
the funnel. Wash the residue 3 or 4 times by decantation, with hot 2N 
hydrochloric acid, then transfer to the filter and wash with hot water 
until free from chloride. Dry the precipitate by means of suction, 
place in a platinum crucible, and set aside for the time being. The 
separation of the silicic acid is not quite complete; as much as 2 mg 
may remain in the filtrate. To remove this, once more evaporate the 
solution to dryness on the water-bath, and again heat at 120-130°, 
for an hour, moisten the residue with 5 ml of concentrated hydro- 
chloric acid, and allow to stand not more than 15 minutes.* Warm, 
dilute to 100 ml, boil and filter through a new and correspondingly 
small filter, washing with hot 2N acid and with water as before. Ig- 
nite the wet filters containing the silica in a platinum crucible. Keep 
the temperature low till all the carbon is consumed and do not allow 
the filter to catch fire. Finally cover the crucible and ignite over the 
blast lamp or over a Meker burner. 

Remark. — It is not necessary to use suction in filtering. If the precipitate is 
allowed to dry before placing it with the filter in the crucible there is danger of 
losing some of the fine powder. The heating at 120° decreases the solubility of the 
silica in acid but this temperature should not be exceeded. Magnesia at a higher 
temperature recombines with silica and iron and aluminum oxides are formed in a 
condition hard to dissolve. 

Testing the Purity of the Silica 

The silica thus obtained is never absolutely pure, except in the analy- 
sis of a water-glass. Its purity must always be tested. For this pur- 

* By being kept in contact with the acid for too long a time some silicic acid mil 
go into solution. 
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pose cover it with 2 ml of water;* add a drop of concentrated sulfuric 
acid and about 5 ml of pure hydrofluoric acid. Place the crucible in 
an air-bath and evaporate under a good hood until no more vapors are 
expelled. Then remove the excess of sulfuric acid by heating over a 
free flame. Raise the temperature gradually and finally heat the cruci- 
ble over a blast lamp or Meker burner, and again weigh. Repeat the 
treatment with sulfuric and hydrofluoric acids, mthout adding any 
more water, until the contents of the crucible (usually AI 2 OS, Fe 203 , 
Ti02, Zr 02 , V2O5, P2O5, etc.) are at a constant weight. Deduct this 
amount from the weight of impure silica and add it to the precipitate 
obtained with ammonia in the subsequent analysis. The precipitate of 
Fe203, AI2O3, etc., should then be tested for Si02 by fusing the weighed 
precipitate with KHSO4, treating the melt with dilute sulfuric acid, 
filtering, and testing the residue with hydrofluoric acid. 

A great many silicates are incompletely decomposed, if at all, by direct treatment 
with hydrochloric acid in an open vessel. Inasmuch as it is necessary to test the 
purity of the silica by treatment with sulfuric and hydrofluoric acids, it might seem 
unnecessary to try to get a pure silicic acid residue before applying this treatment. 
Undecomposable silicates are likely to contain some alkali and alkaline-earth metal 
-as well as iron and manganese in combination with silica. When such a silicate is 
treated with sulfuric and hydrofluoric acids, the alkali and alkaline earths are left 
as sulfates, the iron is left as Fe 203 , and the manganese as Mn 304 . Moreover, boron 
is volatilized as BF3. Only when the silica is nearly pure and when the impurities 
are left as oxides in the same state of oxidation as at the start, and no other volatile 
constituent is present, does the loss in weight upon treatment with hydrofluoric 
and sulfuric acids represent the silicon content. If the silicate is only partly de- 
composed with acid it should be treated as an insoluble silicate. 

(6) Silicates not Decomposed by Acids 

Silicates not decomposed completely by the action of 6 iV hydrochloric acid are 
usually fused with sodium carbonate which converts them partly into sodium silicate 
and partly into an ortho- or meta-silicate which can be decomposed with acid. 

Jannaschf has decomposed refractory silicates by heating the finely ground 
powder in a 25-ml platinum tube with 10 AT hydrochloric acid. On the end of the 
tube, a cap is fitted which is not quite air-tight. The platinum tube is placed in a 
larger glass tube which also contains a little hydrochloric acid. This tube is sealed 
and heated to 300-400° in a steel Mannesmann tube containing a little ether or 
petroleum ether to equalize the pressure. Owing to the high price of platinum and 
the fact that it is hard to get a perfect decomposition, this method of decomposition 
will never be popular although useful when only a little material is available for a 
complete analysis. 

* If the water is not added, the mass will effervesce so strongly that there is danger 
of losing some of the impure silica. 

t Ber.'j 24, 273 (1891); Z. anorg. Chem., 6, 72 (1894). 
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Jannasch and Heidenreich* have also recommended boric acid as a flux for de- 
composing silicates. To free the flux from alkali salts, the commercial acid should 
be recrystallized 2 or 3 times and heated in a large crucible to drive off all moisture, 
before powdering. This flux will decompose nearly all silicates. The very finely 
powdered mineral is heated over the blast lamp with 8 times as much or more of the 
flux. The contents of the crucible are cooled by means of cold water and the melt 
turned into an evaporating dish. By repeated evaporation with a saturated solution 
of hydrogen chloride gas in methyl alcohol, all the boric acid can be distilled off as 
methyl borate and the residue treated like that obtained after an ordinary decom- 
position with acid. Owing to the difficulty in getting thoroughly satisfactory 
fusions and trouble in removing the boric acid after the fusion, the method will 
never be a popular one although it permits the determination of alkalies in the same 
sample. 

Jannasch has also recommended decomposition with lead oxide. The theory is 
similar to that of the dry assay for silver and gold. There the aim is to form a 
fusible slag with the silica and reduce the silver and gold to metal. Since the fusible 
slag is also decomposable with acid, it is clear that lead oxide is suitable when the 
determination of silica is desired. Moreover, the lead is easily removed so that 
alkalies can be determined in the same sample. On the other hand, if any free 
metal is formed, w’hich vill be the case if any precious metal is present, or if there is 
any reducing agent such as a few shreds of filter paper, or if a reducing flame comes 
in contact with the contents of the crucible, the crucible will alloy and be spoiled. 

Fusion with Sodium Carbonate 

Fuse 0.5 g of the very finely powdered substance in a platinum cru- 
cible with 3 g of sodium carbonate. The powdered silicate should be 
intimately mixed with the flux and a little sodium carbonate sprinkled 
on top. Heat the covered crucible at first over a small flame to drive 
out any moisture present. Gradually raise the temperature until 
finally the highest heat of a good Teclu or Meker burner is obtained. 
As soon as the mass melts quietly and there is no further evolution of 
carbq^dioxide, the decomposition is complete. Wind a piece of plati- 
num wire into a spiral and insert it into the fused mass. Remove the 
flame and allow the crucible to cool in the air somewhat and then play 
a stream of water upon the outside of the crucible. As soon as the 
crucible does not hiss when the water strikes it, quickly introduce 
enough water into the crucible to cover the melt. After about a min- 
ute carefully pull on the wire; usually the melt can be withdrawn 
from the crucible. If it does not come out easily, it can often be 
loosened by carefully heating the crucible.f Place the melt in a 300-ml 


it, together with its 
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casserole, add 25 ml of water, cover the casserole, and carefully add 
25 ml of 6 -AI hydrochloric acid. A hvely evolution of carbon dioxide 
at once takes place, but as the silicic acid separates, the inner part of 
the cake gradually ■ becomes coated with a film of silicic acid which 
protects it from the further action of the acid. Consequently it is 
necessary to break up the cake from time to time, by means of a glass 
rod, until finally there is no further evolution of gas and no more hard 
lumps remain. When manganese is present the melt is colored green 
with manganate and the solution is pink at first with permanganate but 
the latter gradually decomposes during the subsequent heating. After 
the evolution of carbon dioxide has nearly ceased, wash off the under 
side of the watch glass, raise it by placing a glass triangle under it, and 
evaporate to dryness. Heat the residue for at least an hour in the hot 
closet at 120-130°, to dehydrate the silica. Continue as described on 
p. 428. 

Effect of — Substances containing considerable fluorine can- 

not be treated as above, for silicon fluoride will be lost by volatiliza- 
tion. Therefore it is necessary to use the old method of Berzelius. 
Extract the melt from the sodium carbonate fusion with water, as in the 
determination of fluorine (p. 417), and remove the greater part of the 
silica by means of ammonium carbonate. Filter off the precipitate, 
ignite, and weigh. 

Precipitate the silicic acid remaining in the filtrate by means of am- 
moniacal zinc solution (p. 417). Dissolve this precipitate of zinc oxide 
and zinc silicate in hydrochloric acid and obtain the silica by evaporation 
on the water-bath as usual. As a rule, the insoluble part of the melt 
contains silicic acid, and this must also be removed by evaporation with 
hydrochloric acid. Ignite all three silica precipitates together and 
test the purity of the silica. 

Analysis of Silicates 
Orthoclase 

Constituents: silicic acid (63-70 per cent); aluminum oxide (16- 
20 per cent); ferric oxide (0.3 per cent); potassium oxide (8-16 per 
cent); sodium oxide (1-6 per cent); and often small amounts of cal- 
cium oxide, magnesium oxide, and in rare cases barium and ferrous 
oxides. 


Preparation of the Substance for Analysis 

Break up large pieces of rock on a thick steel plate with a specially 
hardened surface and a similarly hardened pounder, such as street 
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pavers use. Place the small fragments in a diamond ’’ mortar or in 
one like that shown in Fig. 96, It is made of chilled and case-hardened 
tool steel. The dimensions of the block A are 12.5 
by 12.5 by 6 cm and there is a depression in the center 
0.6 cm deep. The pestle B is 20 cm high, and the 
diameter at the base is 3.5 cm. The cylinder C is 
12.5 cm tall and of 5-cm outside diameter accurately 
fitting the depression in the block. Unlike the ordi- 
nary diamond ” mortar, the pestle has a smaller 
diameter than the inside diameter of the cylinder, 
which is 4.4 cm. The crushing is done with the 
pestle, without the aid of a hammer. With this 
mortar most of the sample can be reduced fine 
enough to pass through silk bolting-cloth. 

A finer powder can be obtained by hand grinding in an agate mortar 
but the McKenna ore grinder shown in 
Fig. 97 is more economical in the long run. 

A is a copper cup soldered to the head of 
the pestle holder and assumes, without 
friction, the motion of the latter. 5 is a 
tin plate with deep sinus and is covered by 
the rubber cloth C which fits closely about 
the metal shaft. These attachments A, 

B, and C prevent oil and dust from the 
belts and bearings from entering the mor- 
tar. The spring at the top of the sliding 
rod, to which the agate mortar is attached 
at the bottom, can be adjusted to give any 
desired pressure or can be thrown back to 
allow the pestle to be raised in removing 
the agate mortar. The pestle makes about 200 revolutions per minute 
and the mortar moves slowly in the same direction. The scraper keeps 
the matenal in the center, and the combined rolling and sliding motion 
reduces the hardest ore very quickly. 

Do not attempt to grind too much at one time, and frequently sift 
through silk bolting-cloth to prevent as much as possible contami- 
nating the sample by abrasion and loss of moisture by the heat of grind- 
ing. Prepare at least 5 times as much sample as is needed and make 
sure that all the powder is included; it is never admissible to take only 
the powder that passes through the sieve the first time. Mix well by 
rolling on a sheet of glazed paper, rubber, or oilcloth. A corner of the 
sheet is lifted and drawn across, low down, in such a way that the ma- 




Fiq. 96. 
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terial is made to roll over and over and does not merely slide along. The 
sample should be rolled back and forth along each diagonal for 100 times 
or more. Then the sample may be spread out into squares and a little 
taken from each square. Finally mix the sample chosen. 

Weighing the Substance. — It has been customary to dry the powder 
at 100-110° until a constant weight is obtained. If there is danger 
of losing combined water by this procedure, it has been recom- 
mended to dry the powder in a vacuum over concentrated sulfuric acid. 
The practice of drying the substance in either of the above ways is, 
however, to be discountenanced. It is far better to use the air-dried 
substance for the analysis, and to determine the moisture in a .separate 
sample. This is more accurate, because the dry silicate powder is hy- 
groscopic, so that a portion weighed out today is likely to contain a 
different amount of moisture from one taken tomorrow, and this is not 
the case when the air-dried powder is taken for the analysis. ^ Further, 
as Hillebrand had conclusively shown, chemically combined water is 
hkely to be expelled not only by heating at 100° but also by drying in a 
vacuum over sulfuric acid. This is particularly true of the zeolites. In 
orthoclase, however, only about 0.1 per cent of moisture is present, 
so that in this particular case accurate results will be obtained by either 
method. 


Determination of Silica, Aluminum, etc. 

Weigh out 0.5 g of the air-dried substance in a spacious platinum 
crucible, dry for 1 hour at 105-7°, cool in a desiccator, and weigh. 
The difference in weight represents the amount of hygroscopic moisture. 

Mix the dry substance with 3 g of calcined sodium carbonate by 
means of a platinum spatula, and determine silica as described on 
p. 430. Treat the silica with sulfuric and hydrofluoric acids, as de- 
scribed on p. 429, and set the crucible with the residue of AI 2 O 3 , etc., 
aside for the present. 

Determination of Aluminum and Ferric Oxides 

The filtrate from the silicic acid contains, besides the chlorides of 
aluminum, iron, ^calcium, and magnesium, a little platinum, from the 
crucible in which the fusion was madeT" 

To remove the platinum, heat the solution to boiling and introduce 
hydrogen sulfide. Filter off the mixture of platinum sulfide and. sulfur, 
and boil the solution to expel the excess of hydrogen sulfide. Oxidize 
the iron back to the ferric state by adding bromine water and boiling 
until the excess of the latter is expelled^' After this add lO^^^^of 2N 
ammonium chloride solution and precipitate the aluminum, iron, etc., 
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from the boiling-hot solution, by the addition of a shght excess of am- 
monia, free from carbonate (cf. p. 155). Allow the precipitate to settle, 
filter, and wash twice by decantation with hot water. Eedissolve by 
running hot 2N hydrochloric acid through the filter into the beaker 
containing the greater part of the precipitate. Repeat the precipitation 
with ammonia, as before, and after filtering and washing by decantation, 
transfer the precipitate to the fiilter and wash until free from chloride 
with water containing 2 per cent of ammonium nitrate. Allow the 
precipitate to drain as completely as possible, and ignite wet in the 
crucible containing the residue obtained from the treatment of the 
impure silica with sulfuric and hydrofluoric acids. After igniting 
strongly over a good Teclu or Meker burner weigh the crucible; its 
contents represent the sum of the aluminum and ferric oxides (also 
Ti02, Zr02, P2O5, and V2O5, if present). 

For the determination of the ferric oxide, fuse the mixed oxides 
with potassium pyrosulfate as described on p. 120. The decomposition 
is complete after 2-4 hours. Dissolve the melt in water containing a 
little sulfuric acid and determine the iron, after previous reduction 
with hydrogen sulfide (cf. p. 103), by titration with potassium perman- 
ganate (cf. p. 104). If the weight of the Fe 203 is deducted from the 
weight of Fe 203 + AI2O3; the weight of AI2O3 is obtained.* 

Determination of Calcium 

Evaporate the combined filtrates from the ammonia precipitate to 
a small volume, heat to boiling, and precipitate the calcium by means 
of a boiling solution of ammonium oxalate as described on p. 91. ■ If 
the quantity of precipitate is small, ignite and weigh as CaO. If con- 
siderable calcium is present (cf. p. 90) redissolve the moist precipitate 
in hydrochloric acid, and repeat the precipitation by ammonia and a 
little more ammonium oxalate. Ignite strongly, and weigh as CaO. 
(Cf. p. 85.) 

Testing of the Calcium Oxide Precipitate for Barium 

Although it is usually unnecessary to make either a qualitative or 
quantitative test for barium in a sample of orthoclase, yet it is likely 

* The amount of iron and aluminum can be determined more quickly, though 
less accurately, as follows: Dissolve the moist ammonia precipitate in hot, dilute 
sukurie acid and dilute to a volume of exactly 250 ml. After thoroughly mixing, 
remove 100 ml by means of a pipet into a beaker and place a second portion of 
the same volume in a 200-ml flask. In the first portion determine the sum of Fe203 + 
AI2O3 by precipitating with ammonia, filtering, igniting, and weighing; in the other 
portion reduce the iron by hydrogen sulfide and titrate with permanganate. 
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to be present in traces so that it may be well to show how this can be 
done. As far as the author knows, strontium has never been found in 
orthoclase. On account of the solubility of barium oxalate in a solu- 
tion of ammonium oxalate, the barium will rarely be found in the 
calcium precipitate when a double precipitation is made, except when it 
is present to an extent of more than 3 or 4 mg.* 

To test a calcium precipitate for barium, dissolve it in nitric acid, 
evaporate to dryness, and heat for some time at 140°. Dissolve the 
calcium nitrate in ether-alcohol (p. 93, a), and examine any residue 
remaining behind in the spectroscope for barium. If barium is found, 
dissolve in dilute acid and repeat the precipitation with ammonia and 
ammonium oxalate. If no barium is found with the lime, it is by no 
means safe to conclude that barium is absent; it can very well have 
gone into the filtrate from the double precipitation of calcium. This 
amount will be precipitated with the magnesium as barium phosphate 
unless it is removed as indicated below. 

For the quantitative determination of barium a separate portion of 
the substance should be taken (see below). 

Determination of Magnesium 

To the combined filtrates from the calcium oxalate precipitation, add a 
drop or two of sulfuric acid and allow the solution to stand 12 hours to 
see if any precipitate of barium sulfate will form. If it does, filter off 
the precipitate and test for barium according to Vol. I. In the filtrate 
from the barium sulfate determine magnesium as described on p. 80. 

Determination of Barium 

If the qualitative tests have shown the presence of barium, weigh 
out 2 g of the substance into a platinum dish; moisten with 10 ml of 
7 N sulfuric acid and 5 ml of hydrofluoric acid. Evaporate the liquid 
on the water-bath, with frequent stirring, until the mineral is completely 
decomposed, when sandy particles will no longer be perceptible on stir- 
ring with a platinum spatula. Frequently a further addition of hydro- 
fluoric acid is necessary. When the decomposition is complete, remove 
the greater part of the sulfuric acid by heating the contents of the dish 
in an air-bath. After cooling, take up the residue in water, filter off 
the barium sulfate, and ignite wet in a platinum crucible. The pre- 
cipitate thus obtained always contains small amounts of calcium suflate 
which must be eliminated. To accomplish this, dissolve the residue 

* W. F. Hillebrand, /. Am, Chem, Soc.j 16, 83 (1894), 
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in the crucible in a little hot concentrated sulfuric acid, and after cooling, 
dilute the solution with cold water. The barium sulfate is now com- 
pletely free from calcium; filter, ignite again, and weigh. 

Determination of the Alkalies 

(a) Method of J. Lawrence 8mitL^ 

Principle. — The substance is heated with a mixture of 1 part ammonium chloride 
and 8 parts calcium carbonate. By this means the alkalies are obtained in the form 
of chlorides, while the remaining metals are for the most part left behind as oxides 
(silicates and aluminates), and the silica is changed to calcium silicate, as represented 
by the following equations: 

CaCOs -f- 2 NH4CI — >■ CaCb “h 2 NH 3 + HoO 4* CO 2 

2 KAlSisOs + CaCb + 6 CaCOs — > 6 CaSiOs + Ca(A102)2 + 2 KCl -{- 6 CO 2 

The alkali chlorides together with the excess calcium chloride can be removed 
from the sintered mass by leaching with w^ater, w^hile the other constituents remain 
undissolved. 

Preparation. — The ammonium chloride necessary for the determination is pre- 
pared by subliming the commercial salt; the calcium carbonate by dissolving the 
purest calcite obtainable in hydrochloric acid and precipitating wuth ammonia and 
ammonium carbonate. Carry out this last operation in a large porcelain dish. 
After the precipitate has settled, pour off the clear solution and wash the precipi- 
tate by decantation until free from chlorides. The product thus obtained contains 
traces of alkalies, but the amount present can be determined once for all by a blank 
test and a corresponding deduction made from the results of the analysis; it is usu- 
ally sodium chloride and amounts to 0.0012-0.0016 g for 8 g calcium carbonate. 
The decomposition was performed by Smith in a finger-shaped crucible about 8 
cm long and with a diameter of about 2 cm at the top and 1 | cm at the bottom. 
Such a crucible is suitable for the decomposition of about 0.5 g of the mineral. A 
larger quantity can be analyzed in a somewhat wider crucible. 

Filling the Crucible. — Mix 0.5 g of the mineral with an equal quan- 
tity of sublimed ammonium chloride by trituration in an agate mortar, 
add 3 g of calcium carbonate, and intimately mix again. Transfer 
the mixture to a platinum crucible with the help of a piece of glazed 
paper, rinse the mortar with 1 g of calcium carbonate, and add this to 
the contents of the crucible. 

The Ignition. — Place the covered crucible in a slightly inclined 
position and heat gradually over a small flame until no more ammonia 
is evolved (this should take about 15 minutes). During this part of the 
operation the heat should be kept so low that ammonium chloride does 
not escape. The latter is dissociated into ammonia and hydrochloric 
acid by the heat, and the acid unites with the calcium carbonate to 
form calcium chloride. It is possible to decompose the silicate by 

* Am. J. Sai. [ 2 ], 60, 269, and Ann. Chem. Pharm., 159 , 82 (1871). 
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using calcium chloride alone. Gradually raise the temperature until 
finally the lower three-fourths (and no more) of the crucible is brought 
to a dull red heat, and maintain this temperature for 50-60 minutes. 
Then allow the crucible to cool; the sintered cake usually can be re- 
moved by gently tapping the inverted crucible. Should this not be 
the case, digest a few minutes with water, which serves to soften the 
cake so that it can be readily washed into a large porcelain, or, better, 
platinum dish. Heat the covered dish with 50-75 ml of water for 
half an hour, replacing the water lost by evaporation and reducing 
the larger particles to a fine powder by rubbing with a pestle in the dish. 
Decant the clear solution through a filter and wash the residue 4 times 
by decantation, then transfer to the filter and wash with hot water 
until a few cubic centimeters of the washings give only a slight turbidity 
with silver nitrate. To make sure that the decomposition of the min- 
eral has been complete, treat the residue with hydrochloric acid; it 
should decompose completely, leaving no trace of undecomposed min- 
eral. The acid will usually gelatinize silica; the formation of a gela- 
tinous precipitate does not indicate incomplete decomposition. 

Precipitation of the Calcium. — To the aqueous solution add 50 ml of 
ammonium carbonate reagent, heat nearly to boiling, and filter. Evapo- 
rate the filtrate to dryness in a porcelain or platinum dish, heat the 
contents of the dish for an hour in a drying-oven at 110°, and remove 
ammonium salts by careful ignition over a moving flame. After cooling, 
dissolve the residue in a little water and remove the last traces of cal- 
cium by the addition of ammonia and ammonium oxalate to the hot solu- 
tion. After standing 12 hours, filter off the calcium oxalate and receive 
.the filtrate in a weighed platinum dish, evaporate to dryness, and gently 
ignite. After cooling, moisten the mass with hydrochloric acid to trans- 
form any carbonate into chloride, repeat the evaporation and ignition, 
and determine the weight of the dish and its contents; this shows the 
amount of alkali chloride present. Continue as on pp. 59-69. 

(5) The Hydrofluoric Acid Method of Berzelius 

Weigh 0.5 g of the powdered mineral into a platinum dish, moisten 
with 2 ml of water and 0.5 ml of concentrated sulfuric acid, mix with 
the substance by means of a platinum spatula, and after cooling add 
about 5 ml of pure, concentrated hydrofluoric acid. Evaporate the 
liquid on the water-bath, frequently stirring with the platinum spatula, 
until no more hydrofluoric acid is expelled and no more hard particles 
can be felt at the bottom of the dish. 

Heat the dish in an air-bath until the greater part of the sulfuric 
acid is removed; this is necessary to make sure that the hydrofluoric 
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acid is completely expelled. It is not advisable, however, to remove 
all the sulfuric acid, on account of the danger of forming insoluble 
basic salts. Allow the mass to cool, cover with 200 ml of water, and 
digest until ail the residue has gone into solution.* Transform the 
sulfates to chlorides by precipitation with as slight an excess of barium 
chloride as possible; and then, without stopping to fidter off the barium 
sulfate, precipitate the almninum, calcium, and excess of barium by 
the addition of ammonia and ammonium carbonate. Allow the pre- 
cipitate to settle, wash 4 times by decantation, then transfer to the 
filter and wash free from chloride. Evaporate the filtrate to dryness, 
heat for an hour at 120°, and remove the ammonium salts by gentle 
ignition. Add a few drops of 6 A hydrochloric acid, and remove the 
magnesium by the Schaffgottsche method described on p. 84. In the 
filtrate determine sodium and potassium as described on pp. 59-65. 

Remark. — This method is in very general use, and the results obtained agree 
closely with those by the J. LawTence Smith method. Many silicates, such as the 
feldspars, are readily decomposed by the action of sulfuric and hydrofluoric acids;t 
others, such as certain specimens of tourmaline, only with difficulty. According to 
Jannasch the members of the andalusite group are not completely decomposed 
by hydrofluoric acid, but this can be effected by strongly igniting with ammonium 
fluoride. For this purpose place the ignited mineral in a platinum dish, cover with 
10 ml of ammonia, evaporate to dryness, dilute with water, strongly acidify with 
concentrated hydrofluoric acid, and again evaporate to dryness. Place the dish in 
a nickel beaker and ignite quite strongly, until finally the excess of ammonium 
fluoride is driven off. Now treat the residue with 12 N sulfuric acid to decompose 
salts of fluosilicic acid, evaporate on the water-bath as far as possible, and remove 
then the greater part of the sulfuric acid by stronger ignition. From this point the 
procedure is the same as in the regular Berzelius method. 

The Smith method is always applicable and has the advantage that the magnesium • 
is practically completely removed at the start. 

Analysis of Portland Cement 

The American Society for Testing Materials has adopted a standard set of speci- 
ficationsf for portland cement, including its physical and chemical testing. The 
chemical methods recommended were those formulated by a committee who made 
a special study of this analysis. The following directions are based upon the report 
of the committee, but the procedure has been modified slightly in minor details and 
no attempt is made to reproduce the same wording. This scheme of analysis is 
given partly because of the technical importance of portland cement and partly 
because it has proved a satisfactory procedure to place in the hands of students as 
representative of a complete analysis. 

* If barium was present, it is left behind as the sulfate. 

t Many silicates can be decomposed by evaporation with hydrofluoric and hydro- 
chloric acids. F. Hinden, Z. anal. Chem.j 1906, 332. 

t Proc. Am. Soc. Testing Materials^ 12, 301-28 (1912). 
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The mode of procedure adopted by the above-mentioned committee called for 
two evaporations for the removal of the silica. In the discussion of the method, 
however, it was pointed out that by heating the residue at 120°, not correcting for 
impurities by the hydrofluoric acid treatment and not correcting the subsequent 
cipitate formed by ammonia for small traces of silica, results are obtained which 
are within the permissible analytical error of the correct value. In fact, by this 
more rapid method, a compensation of errors takes place and the results are better 
in many cases than if the same operator attempted to carry out the analysis with 
the utmost precision possible. 

The committee also recommended the use of platinum dishes and platinum cru- 
cibles as far as possible. The advantages gained are obvious, but the price of plat- 
inum has become so high that it is the duty of every practical chemist to avoid the 
use of platinum utensils wherever possible. The errors introduced by using por- 
celain instead of platinum are insignificant in most cases, although greater care must 
be taken to allow crucibles to cool before placing them in desiccators, and a longer 
time should elapse before weighing. 

The original directions call for two precipitations of the calcium and for two 
precipitations of magnesium. This is unessential in the commercial testing of port- 
land cement provided the conditions recommended are carefuUy fulfilled. The direc- 
tions apply equally well to the analysis of limestone. 

Procedure. — Weigh 0.5 g of limestone or cement into a 250-ml porce- 
lain casserole, cover with 40 ml of water, and add 20 ml of diV hydro- 
chloric acid [d. 1.1), breaking up with a stirring-rod any lumps that 
form. Cover the casserole with a watch glass and digest about 15 
minutes on a hot plate until the cement is decomposed completely. 
Binse off the bottom of the cover glass with a little water and evaporate 
to dryness on the water-bath.* During the evaporation have the cover 
g1a.ss raised above the top of the casserole by means of a glass support. 
Heat the casserole and dry the residue in a hot closet at 120°. 

Silica. — Moisten the residue with 10 ml of 6 iV hydrochloric acid, 
warm sligh tly, and add 150 ml of water. Cover the casserole with 
a watch glass and digest 10 minutes at a temperature near the boiling 
point. Filter into a 300-ml beaker; wash twice with 2JV hydrochloric 
acid and then with hot water tiU free from chloride. Transfer the moist 
precipitate and filter to a weighed porcelain crucible with the paper 
folded so that the precipitate is entirely covered, f Smoke off the filter 
paper at a low heat without letting the paper take fire (cf. p. 428). 

* At this temperature, the silicic acid becomes dehydrated so that it is practically 
insoluble in dilute acids. The presence of the calcium chloride from the cement 
helps the dehydration. The quantity of silica that passes into the filtrate mneghpble 
and more than balanced by that obtained from the reagents and dishes. The residue 
should not be baked too hard. At higher temperature combination of basic mag- 
nesium salt and silicic acid takes place and alumina is made very insolub e. 

f Dry silica is very pulverulent and easily lost if the gases from e paper escape 
too violently, as when it takes fire. 
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Finally ignite at the full heat of the Meker burner until a constant 
weight is obtained of a perfectly white precipitate. Report as 
soluble residue ” in the analysis of limestone or as “ silica '' in the case 
of Portland cement. 

Frecipitation of Iron and Aluminum. — To the filtrate and washings 
add 6 N ammonia solution until a slight ammoniacal odor persists after 
blowing away the vapors. Heat again just to boiling and promptly 
filter off the precipitate of Fe(OH )3 and Ai(OH) 3 . Wash the precipitate 
6 times with small portions of hot water. Reserve the filtrate for the 
calcium and magnesium determinations. 

Sometimes the precipitate contains a little calcium carbonate from 
the carbon dioxide in the air and often a httle magnesium hydroxide. 
Wash the precipitate back into the casserole, place the casserole under 
the funnel, pour 5 ml of hot, 3 N hydrochloric acid on the upper edge 
of the filter, and wash the filter with a little hot water. Continue the 
treatment with acid and water until all the precipitate left on the filter 
is dissolved. Finally wash the filter with a little dilute ammonia. 
Precipitate with ammonia just as before, filter through the original 
filter and wash this second precipitate till free from chloride. Ignite 
the second precipitate wet in a porcelain crucible and weigh as Fe 203 + 
AI2O3, neglecting the small quantities of Ti02, P2O5, and Mn 304 which it 
may possibly contain. Unite the filtrate with that obtained from the 
first precipitate. 

In the analysis of limestone, the weight of this precipitate will usu- 
ally be small. The iron content will often arise from a little ferrous 
carbonate present in the sample. Disregard this fact and simply report 
the percentage of combined oxides ” present. 

In the analysis of Portland cement, the precipitate after ignition 
should be largely AI2O3, and it is customary to regard it as AI2O3 + 
a little Fe 203 . The quantity of the latter should be determined by 
titration, as follows: 

Ferric Oxide. — Transfer the ignited precipitate to a smaU beaker. 
Dissolve the traces that remain adhering to the crucible by heating 
small portions of GiV hydrochloric acid in it, finally pouring each por- 
tion into the beaker. Use 20 ml of acid in all. Do not at any time 
dilute the hydrochloric acid until all the iron in the beaker is dissolved. 
Heat the acid with the iron and aluminum oxides at about 90"^ until 
aU the iron has dissolved (cf. p. 116). When a clear solution is ob- 
tained, place the beaker on filter paper, reduce carefully with stannous 
chloride, and determine the iron content by the Zimmermann-Reinhardt 
process. Compute the percentage of Fe 203 present and subtract this 
from the above weight of the oxides to get the per cent AI2O3. 
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Calcium Oxide. — Make the combined filtrates acid with acetic acidj 
bring to a volume of about 400 ml, heat to.80-90°, and slowly add, while 
stirring, 60 ml of hot, 0,5 N ammonium oxalate solution.* Add am- 
monium hydroxide until the solution is slightly ammoniacal and allow 
the precipitate to stand an hour, but not much longer, before filtering. 

If considerable magnesium is present in the solution, some magnesium 
oxalate will come down with the calcium oxalate. If, therefore, more 
than 10 per cent of MgO is present in the substance analyzed, it is best 
to redissolve the calcium oxalate precipitate and repeat the precipi- 
tation. In this case, use a paper filter for filtering off the precipitate. 
When all the solution has passed through the filter, wash the precipitate 
with about 15 ml of hot water. Then rinse the precipitate back into 
the original beaker by holding the funnel in an inverted position and 
directing a stream of hot water against it. Replace the funnel in the 
support and wash the filter with about 25 ml of hot, 3 N hydrochloric 
acid. Heat the acid in a test-tube, pour it upon the upper edge of the 
paper, and catch the liquid as it runs through the filter in the beaker 
containing the precipitate. Finally wash the filter with a little hot 
water (and with dilute ammonia if it is to be used again for filtering the 
next precipitate). Heat the dilute acid in the beaker and add a little 
more acid if necessary to dissolve the precipitate completely. Dilute the 
solution to about 250 ml and repeat the precipitation of the oxalate at the 
boiling temperature, adding ammonia and 5 ml more of the ammonium 
oxalate reagent. Since the solution already contains oxalic acid equiva- 
lent to the calcium, only a little more reagent is necessary. 

The calcium content of the precipitated calcium oxalate can be determined in 
various ways, all of which give good results. 

(1) The filtered precipitate corresponds to the formula CaC204-H20. It can be 
weighed in this form without difficulty because the water of crystallization is retained 
even after long heating at temperatures considerably above the boiling point of 
water. 

(2) It can be weighed as anhydrous calcium oxalate. To accomplish this it has 
been recommended to heat the precipitate to 200-300° for some time. 

(3) It can be converted to calcium carbonate by heating to dull redness. The 

CaC204 CaC03 + CO 

takes place at about 400°, but Foote and Bradleyf have shown that it is safe to heat 
at 675-800° if the precipitate is in a tubulated crucible and a current of CO2 is con- 
stantly led through the crucible while it is being heated. The common way of 
accomplishing the decomposition is to heat for some time to dull redness, cool, 
moisten with a little ammonium carbonate reagent, and again heat carefully until 

* About 10 g of NH4CI should be present in separating calcium and magnesium. 
This is usually present already at this stage in the analysis. 

t J. Am. Chem. Soc.. 48, 676 (1926). 



442 GRAVIMETRIC DETERMINATION OE ACID CONSTITUENTS 


ao more odor of ammonia is perceptible. For the first heating, 2 hours in a muffle 
at 500° has been recommended, and after the treatment with ammonium carbonate 
solution, drying at 110° is sufficient. 

(4) After the ignition to calcium carbonate, and it does no harm if some calcium 
oxide is formed, the precipitate can be dissolved in a measured volume of O.o N 
hydrochloric acid and the excess acid titrated with 0.5 N sodium hydroxide to a 
methyl orange end point. 

(5) By strong ignition, calcium carbonate is changed to calcium oxide, which can 
be weighed. This method of handling the calcium oxalate precipitate is generally 
regarded as the best. Quantitative conversion can be accomplished in a covered 
platinum crucible by heating 1 hour with the full heat of a good Bunsen burner. 
The crucible should be covered loosely to prevent unnecessary loss of heat. A 
much shorter period of heating is necessary over a Meker burner or the blast lamp. 
A muffle heated to about 1000° can be used to advantage. The conversion of cal- 
cium oxalate to calcium o-xide cannot be accomplished by heating in an open por- 
celain crucible over a Bunsen burner, and it requires a very long time to accom- 
plish the conversion by heating in a covered porcelain crucible over a large Meker 
burner. The determination as oxide, therefore, is not to be recommended unless a 
muffle furnace or a platinum crucible is available. 

(6) The original calcium oxalate precipitate can be dissolved in dilute acid and 
the liberated oxalic acid titrated with potassium permanganate solution. This is 
one of the most popular methods and gives good results. For this method of analy- 
sis, the precipitate should not contain over 0.1 g of calcium. In Portland cement 
analysis, therefore, an aliquot of the filtrate from the iron and alumina precipitation 
should be taken or an aliquot of the solution of the calcium oxalate precipitate in 
acid. To take an aliquot of any solution, dilute it to a definite volume in a volu- 
metric measuring-flask. After diluting to the mark, mix the solution by pouring 
it back and forth at least four times, using a beaker which is clean and dry at the 
start. Then, by means of a pipet or a smaller measuring-flask take out at once one 
or more fractional parts of the entire solution for further analysis. Thus the filtrate 
from the ammonia precipitation can be diluted to exactly 500 ml, the solution mixed 
and 50 ml ( = one-tenth) taken for the calcium determination. The word aliquot 
in mathematics designates a number that will divide a larger number without leaving 
a remainder. In analytical chemistry it is used to represent an exact simple fraction 
of the whole sample taken for analysis. 

Weigliing as CaC 204 -H 20 . — Use a weighed Gooch crucible for collect- 
ing the calcium oxalate precipitate. The crucible can be weighed after 
drymg at least an hour at 105-110° or after washing with alcohol and 
ether (cf. p. 81). Wash the precipitate with hot water until no chloride 
test is obtained on adding nitric acid and a little silver nitrate solution to 
the last portion of the filtrate, save the filtrate for the magnesium deter- 
mination, and dry the precipitate by heating at 105-110° or by washing 
with alcohol and ether. The drying should take place in the same way 
both times. The precipitate contains 34.59 per cent CaO. 

Weighing as CaO.-— Use an ashless paper for collecting the pre- 
cipitate. Wash the precipitate with hot water until free from chloride 
and save the filtrate for the magnesium determination. Transfer the 
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precipitate to a weighed platinum crucible. Ignite carefully with the 
flame at the mouth of the crucible until the precipitate is dry, and then 
heat with a small flame at the base of the crucible until all the paper is 
decomposed without letting it take fire. Then gradually raise the 
temperature and heat over a Tirrell burner for an hour with the crucible 
in an upright position and covered. Cool to about 100°, place in a 
desiccator, and weigh after 15 minutes. Repeat the heating until after 
cooling a constant weight is obtained. The calcium oxide is somewhat 
hygroscopic but is not difficult to weigh if it has been washed free from 
chloride. Call the weight constant if it agrees within 0.2 mg with the 
previous weight. 

Titration with Permanganate. — Either a paper filter or a Gooch 
crucible can be used. After the precipitate has been washed free from 
chloride, transfer the precipitate together with the filter to a 400-ml 
beaker and dissolve the precipitate in 100 ml of warm ZN sulfuric acid. 
Titrate at 70° with potassium permanganate as described on p. 102 for 
the standardization of permanganate against sodium oxalate. 

Magnesium Oxide. — Make the filtrate acid with hydrochloric acid 
and concentrate to about 300 ml by evaporation on the hot plate. If 
the solution is accidentally evaporated to dryness, moisten the residue 
•with 5 ml of 6 iV hydrochloric acid and enough water to dissolve ammo- 
nium salts, which are always present when the magnesium is determined 
in the filtrate from the precipitation of calcium oxalate. If a clear solu- 
tion is not obtained, heat to boiling and filter if necessary. Wash the 
precipitate (usually a little silica from the glass) once with 2N hydro- 
chloric acid and then with hot water till free from chloride. 

To the acid solution, add an excess of diammonium or disodium 
phosphate - 1.2 g of (NH4)2HP04 or 3 g of Na2HP04-12H20 is ample - 
and some phenolphthalein indicator solution. Heat nearly to the boil- 
ing point and then slowly add 1.5 W ammonia water until a faint pmk 
color is obtained and a shght precipitation takes place. Stir well for 
about a minute, touching the sides of the beaker as httle as possible. 
When the precipitate has become distinctly crystalline, add more 
ammonia until a deep color is obtained ■with the phenolphthalein. 
Allow the solution to cool, then add one-fifth the solution’s voluine of 
concentrated ammonium hydroxide and allow to stand over mght. 
(See p. 81.) 


Sometimes no precipitation takes place on adding the ami 
will appear after standing over night in the presence of 2.5 N. . 

approbate concentration obtained by foUowing the above directions, reason 

for the tardy formation of a precipitate of magnesium “7“ f 
to the retarding effect of the ammonium salts present. Sometimes, when the solu- 
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tion contaiDS larg© Qiiantities of anunoniiim oxalate, no precipitate appears. Three 
methods can be recommended for overcoming this dilEculty. (1) Evaporate the 
solution to dryness in a porcelain casserole and heat the dry residue until no more 
vapors of ammonium salt are evolved- Cool, moisten the residue with 5 ml of 6 N 
hydrochloric acid, heat till basic salts are dissolved, dilute to about 25 ml, filter, 
and wash the filter with hot water until free from chloride. Add 5 ml of concentrated 
hydrochloric acid and some alkali phosphate if not already present. Dilute the 
solution to about 125 ml, heat nearly to boiling, and neutralize with ammonia as 
directed above. (2) Evaporate the solution to dr 5 mess after adding some nitric 
acid. To the residue add 25 ml of winter, 50 ml of concentrated nitric acid, and 15 
ml of concentrated hydrochloric acid, and again evaporate to dryness. By this 
treatment with aqua regia ammonium salts are oxidized to nitrogen. Finally treat 
this residue with 5 ml of 6 N HCl and 20 ml of water. Heat for a few minutes to 
dissolve basic salts and filter into a 250-ml beaker. Wash the filter with hot water 
till free from chloride, add 5 ml of concentrated hydrochloric acid, dilute to 125 ml, 
add 1.5 g of diammonium phosphate, and precipitate with ammonia as described 
above. (3) To the neutral solution add 5 g of sodium acetate and an excess of bro- 
mine water. Heat carefully and add more bromine until finally all the ammonium 
salt is oxidized. The reaction 

C2H3O2 

will take place provided suflSeient sodium acetate is present to keep the solution 
buffered. 

Alkalies. — If it is desired to determine the alkalies the J. L. Smith 
method should be used (p. 436). 

Loss on Ignition. — Heat 0.5 g of the cement for 5 minutes in a 
platinum crucible over a low flame, then heat strongly for 15 minutes. 

Sulfuric Anhydride. — Fuse, in an iron crucible, 0.5 g of cement 
with 2 g of sodium peroxide and an equal weight of sodium carbonate, 
protecting the contents of the crucible from the flame as directed on 
p. 327. After the fusion, extract the soluble salts by treatment with 
hot water. Filter, make acid with hydrochloric acid, and evaporate 
to dryness on the steam-table. Moisten the residue with 5 ml of 6 iV 
hydrochloric acid, dilute with 200 ml of water, and filter. Wash 
thoroughly and precipitate the suKate in 400 ml of boiling solution by 
the addition of barium chloride (p. 328). Filter, ignite, and weigh. 
Report as percentage of SO3. 

Determination of Silicon in Iron and Steel 

Silicon exists in cast irons and steels chiefly as a solid solution of 
Fe 2 Si in iron. In wrought iron, and in some steels, a little sihcate of 
Fe or Mn may be present, such as Mn2Si308; this really represents 
enclosed slag. The compound FeSi has also been identified in Fe-Si 
alloys. In- cast irons, the silicon has a marked effect in causing the 
breaking down of cementite, FesC, into Fe and graphite. With in- 
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creasing Si content, the graphite increases, but this effect is counter- 
balanced by the effect of S so that, roughly speaking, a given per- 
centage of S neutralizes a definite percentage of Si. 

Although Si enters into salts as silicate ion and not as Si++++ ions, 
the free element and its compounds with iron are oxidized very easily 
so that decomposition with any acid will cause oxidation of the Si to 
the quadrivalent state with evolution of hydrogen gas. There is, 
therefore, no loss of volatile silicon hydride when a sample of steel is 
dissolved in hydrochloric or sulfuric acid, If, however, nitric acid 
or other oxidant is used, the more powerful oxidizing agent is reduced 
without any evolution of hydrogen. 

FeSi -b 2 H+ -f 3 H 2 O Fe++ -f HsSiOa + 3 Ha t 

FeaSi -f 4 H+ -t- 3 H 2 O 2 Fe++ + HaSiOs + 4 H 2 1 

3 FeaSi -h 28 H+ -H 10 NOs' 6 Fe+++ + 10 NO t + 3 HaSiOs 

+ 11 HaO 

In these reactions the product is really SiOa-a;HaO rather than exactly 
HaSiOs. 

The following method* is excellent for the determination of silicon. 
Perchloric acid is used instead of sulfuric acidf because anhydrous 
perchlorates are easily soluble and there is no difficulty in dissolving 
the salts after the silica has been dehydrated. Chromium is oxidized 
to chromic acid and remains in solution. The chief precautions are 

to add sufficient perchloric acid to keep the mixture liquid after the 

nitric acid has been expelled and to boil at least 15 minutes at this 
stage in the analysis. 

Procedure. — Treat 2.236 g of sample (5 times the factor weight) 
with 40 ml of 6 iV HNO 3 in a 400-ml covered beaker. When the 
sample is entirely decomposed, rinse and remove the watch glass cover 
and add 40 ml of 60-70 per cent HCIO 4 . Evaporate to fumes of HCIO 4 . 
Replace the watch glass on the beaker and heat so that the HCIO 4 
condenses and runs down the sides of the beaker for 15 min utes, but 
do not allow the contents of the vessel to become pasty or solid. Cool 
somewhat, and dilute with 125 ml of hot water. Stir until the salts 
have dissolved and crush any lumps with a glass stirring-rod. Filter 
and transfer aU the residue to an ashless filter paper with the aid of 
0.6 W HCl, scrubbing the beaker with a rubber policeman. Wash 
alternately with 5-ml portions of hot 0.6 W HCl and of hot water until 
all the iron salts have been removed. The washing must be done 
carefully as residual HCIO 4 may cause loss of material in the subse- 

*W ina.r rl Cake, J. Am. Ch&m. Soc., 42, 2208 (1920). 

f T. M. Drown, Trans. Am. Inst. Mining Eng., 7, 346 (1878—79). 
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quent ignition of the precipitate. Transfer the paper and residue to 
a weighed platinum crucible, and ignite slowly and carefully until 
ah the carbon is gone. Cool in a desiccator, and weigh the impure 
Si02. Moisten the residue with 18 iV H2SO4 and add (without measur- 
ing) about 5 ml of HP. Heat inside an air-bath until all H2SO4 is ex- 
pelled and then heat the crucible strongly over a free flame. Cool in 
a desiccator and weigh. The loss in weight represents the Si02, and 
when the above weight of sample is taken, this loss multiplied by 20 
gives the per cent of Si present. 

Analysis of Lepidolite 

Lepidolite is a member of the mica group and contains lithium and 
fluorine; the mineral has the following composition: 

Si309Al2(Li,K,Na)2(F,0H)2 

Si02 - 40-45%; AI2O3 == 19-38%; MnO = 0-5%* 

MgO = 0-0.5%; K2O = 4-11%; Li20 = l-6%- 

Na^O = 0-2%; F = 1-10%; H^O = 1-3%’ 

Besides the above, calcium, iron, phosphoric acid, and chlorine are 
frequently found, and in rare cases small amounts of cesium and ru- 
bidium are present. 

The determination of the silicic acid, aluminum, iron, manganese, 
and magnesium is effected as in the orthoclase analysis, except that 
here the manganese must be separated from the iron and aluminum as 
described on pp. 158, 159, or 161. 

Determination of the Alkalies. — Determine the weight of NaCl -f- 
KCl -i- LiCl by one of the methods given under the analysis of ortho- 
clase, and weigh the potassium as potassium chloroplatinate. Then re- 
move the platinum by treatment with hydrogen, or heat the solution 
to boiling and precipitate the platinum as sulfide by the introduction 
of hydrogen sulfide. Evaporate the filtrate to dryness and separate 
the lithium from the sodium as described on p. 69 or 70. 

Determination of Fluorine. — This determination is the same as in 
the ease of analysis of fluorine in calcium fluoride (p. 417), except that 
it is unnecessary to add any silica, for the mineral itself already con- 
tains a sufficient quantity. 

Determination of Fater. - This is effected by the method of Rose- 
Jannasch (p. 427). 

Determination of Ferrous Iron in Silicates and Rocks 

Weigh out 0.5-1.0 g of the powdered mineral into a platinum dish, 
cover with 5-10 ml of 7 JV sulfuric acid, and place upon the little tri- 
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angle (a) Fig. 98, made of glass or, better, platinum. Place this in the 
lead vessel C which rests in a paraffin-bath (B). After placing the 
cover upon C, pass a rapid current of carbon dioxide through A, where- 
by the air within the apparatus will be replaced in about 3 minutes. 
Quickly remove the cover, and add 5-10 ml of concentrated hydrofluoric 
acid. At once replace the 
cover, and continue the stream 
of carbon dioxide, while stirring 
the contents of the dish re- 
peatedly during the whole oper- 
ation by means of a platinum 
spatula or piece of coarse wire 
introduced through the other 
hole in the cover (in the draw- 
ing this opening is placed too 
far to the right). At the same 
time heat the paraffin-bath to 
lOO'^ and keep at this temperature for about an hour. As soon as 
no more gritty particles are to be felt, raise the temperature of the 
bath to about 120® to remove the large excess of hydrofluoric acid. 
This requires about another hour. Allow the dish to cool in the carbon 
dioxide atmosphere, and finally wash its contents into 400 ml of cold 
distilled water. Add 10 ml of concentrated sulfuric acid and titrate the 
solution with standard potassium permanganate solution until a pink 
color is obtained which is permanent for several seconds. This end 
point is fugitive in proportion to the amount of hydrofluoric acid re- 
maining in the solution. 

Remark. — The above method has been used in the author’s laboratory with suc- 
cess for several years. It is a modification of Cooke’s* method in which the de- 
composition with hydrofluoric acid took place under a glass funnel upon the water- 
bath. In this case a large amount of hydrofluoric acid remains in solution and it is 
difficult to obtain a sharp end point. 

W. F. Hillebrand,t of the U. S. Bureau of Standards, prefers the 
Modified Pratt Method 

Place 0.5-1. 0 g of the fine powder in an 80-100 ml platinum crucible, 
cover with water and add 10 ml of 9N sulfuric acid, cautiously if any 
carbonate is present. Add air-free hot water till the crucible is nearly 
haK full. Place the crucible, with its cover on, on a triangle near a 
very low flame protected from drafts. Displace the air in the cm- 

J. Sci. [2], 44, 347 (1867). 

t U. S. Geol. Survey, Bull. 700. 
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cible by introducing a stream of carbon dioxide through a small tube 
placed under the cover of the crucible. In a short time the liquid in 
the crucible boils but before this happens stop the current of gas and 
drop the crucible cover in place. From a small platinum crucible 
held in one hand, while the other draws the crucible cover to one side, 
add 5-7 ml of hydrofluoric acid. Quickly replace the lid and increase 
the heat but take care not to let the liquid boil over. As soon as steam 
issues, lower the flame and keep so that there is steady boiling without 
danger of loss for about 10 minutes. Then transfer the crucible, 
without removing the cover, to 200 mi of cold, saturated boric acid 
solution. Remove the crucible with a stirring-rod, rinse it out and 
titrate at once with permanganate, added rapidly until the first pink 
blush appears throughout the whole liquid. 

If an unattacked residue remains in the beaker, filter it off and re- 
peat the above treatment. 

Another method for the determination of the amount of ferrous 
iron present in insoluble silicates is that of Mitscherlich. The silicate 
is decomposed in a closed tube with sulfuric acid (8H2SO4. *11120) 
under pressure, and the resulting solution titrated with potassium 
permanganate. This method usually gives good results in the case 
of a silicate analysis, but it is worthless for the analysis of rocks con- 
taining pyrite or other sulfides, which on treatment with sulfuric acid 
are decomposed.* The sulfur serves to reduce iron that was originally 
present in the ferric form, so that a high result is obtained. 

Separation of Soluble from Insoluble Silicic Acid: Lunge and Millbergf 

Frequently a mixture of silicates is to be analyzed which is partly 
decomposed on treatment with acids, with the separation of gelatinous 
silicic acid, and partly unaffected. The silicic acid deposited from 
solution by the addition of acids is soluble in 5 per cent sodium car- 
bonate solution, while quartz and feldspar are not appreciably at- 
tacked by the latter (cf. Vol. I). 

If it is desired to separate the deposited silicic acid from the unat- 
tached silicate (usually feldspar and quartz), treat the substance with 
acid (hydrochloric or nitric) and evaporate on the water-bath until a 
dry powder is obtained. Moisten this with acid, dilute, boil, and filter. 
After washing, digest the residue with 5 per cent sodium carbonate 
solution on the water-bath, in a porcelain dish for 15 minutes. Filter; 
wash the residue first with soda solution and finally with water. 

* L. L. de Koninck, Z. anorg. Chem., 26, 125 (1901), Hillebrand and Stokes, /. 
Am. Chem. Soc., 22, 625 (1900), Stokes, Am. J. Sd., Dec., 1901. 

t Z. angew. Chem., 1897, 393, 425. 



ANALYSIS OF ZIRCON 


449 


The filtrate contains the soluble silicic acid; this can be 

determined by acidifying and evaporating to dryness. The residue 
from the sodium carbonate treatment, consisting of quartz and feldspar, 
is weighed. To determine the quartz, treat with sulfuric and hydro- 
fluoric acids, remove the excess of the HF by heating to fumes of 
sulfuric acid, and dissolve the cold residue in water. In this solution 
precipitate the alumina, as described on p. 95, and weigh the AljOs. 
If this weight is multiplied by 5.41, the corresponding amount of feld- 
spar is obtained ; and if this is deducted from the weight of the quartz + 
feldspar, the weight of the quartz will be found. 

Determination of Soluble Silicic Acid in Clay 

Clay contains besides alumina, sand (quartz fl- breccia), and small 
amounts of calcium and magnesium carbonates. 

Moisten 2 g of the coarsely powdered substance, which has been 
dried at 120°, with water, and add 150 ml of 12 JV sulfuric acid.* Cover 
the porcelain disb with a watch glass and heat over a free flame until 
dense fumes of sulfuric acid vapors are evolved. Allow the contents 
of the dish to cool, add 150 ml of water and 3 ml of concentrated hydro- 
chloric acid, boil for 15 minutes, filter, wash completely, and treat 
the mixture of soluble silicic acid, quartz and insoluble silicate as above. 

Remark. It was formerly the custom to separate the soluble silica from the 

insoluble silica by boiling with potassium hydroxide solution. According to the 
experiments of Lunge and Millberg, however, this is not permissible because quartz 
is appreciably soluble in caustic potash solution. If, on the other hand, the sub- 
stance is obtained in a very finely divided condition, even sodium carbonate solution 
cannot be used for the same reason. 


Analysis of Zirconf 


Zirconium occurs widely disseminated in small quantities as the refractory sihcate 
zircon ZrSiOt In the simple process given below, the mineral is decomposed by 
two successive fusions and the zirconia is precipitated by hydrolysis with thiosulfate. 

Lundell and KnowlesJ have described a more elaborate process, involvmg cup- 
ferron precipitation, and applicable to more complex mineral mixtures. 


Procedure. — Reduce the mineral to an impalpable powder, weigh 
out about 0.5 g in a tared platinum crucible, and heat strongly to de- 
termine loss on ignition. , - .i 

Fuse the calcined mass with about 5 g of sodium carbonate m the 
covered platinum crucible over the fuU flame of a Teclu burner for an 
hour. Digest the cooled melt with hot water, filter mto a porcelam 


* Alexander Subech, Chem. Ind., 1902, 17. 
t Powell and’ Sohoeller, Analyst, 44, 397 (1919). 
J /. Am. Chem. Soc., 42, 1439 (1920). 



460 GBAVIMETRIC DETERMINATION OF ACID CONSTITUENTS 


casserole, and wash the residue well with hot water. Call this residue 
A. To the aqueous extract from the sodium carbonate fusion, add an 
excess of HCl, evaporate, and dehydrate the silica as described on p. 428. 
Filter off the silicious residue, and call this B and the filtrate C. 

Fuse A with KHSO4 (p- 120), and digest the melt with 100 ml of hot 
N H2SO4. Filter off any undissolved residue, and combine the filtrate 
with C. 

Ignite this last residue together with 5 in a tared platinum crucible; 
determine its weight. Treat with H2SO4 and HF to determine the 
SiOo present (p. 428). Fuse the residue from this treatment with 
EHSO4, leach with 1 per cent H2SO4, and add the solution to C. After 
this last fusion, everything except Si 02 should have been dissolved and 
be present in C. 

Neutralize the acid with NaHCOs until a slight permanent precipi- 
tate is formed. Dissolve this by adding a few drops of dilute H2SO4. 
Add a little ashless filter pulp (p. 98), and saturate the solution with 
H 2 S at 50°. Filter, and wash the precipitate with hot water containing 
a little NaCl. Discard this precipitate of PtS 2 and S; the purpose of 
the H 2 S treatment was to remove platinum that was introduced into the 
solution from the crucibles used in the fusions and to reduce the ferric 
iron to the ferrous condition. Nearly neutralize the filtrate with fresh 
Na 2 C 03 solution, but stop before there is any permanent darkening due 
to FeS. Boil in a current of CO 2 to expel H2S. 

To the hot solution add 10 g of Na 2 S 203 * 5 H 20 dissolved in 20 ml of 
water and continue boiling for an hour, replacing water lost by evapo- 
ration. Add filter-paper pulp (p. 98), filter, and wash the precipitate 
on a paper filter 15 times with hot water. Call the filtrate D, 

The precipitate contains Zr02, (Hf02) and possibly some AI2O3 and 
Ti02. Ignite it in a tared platinum crucible, and digest the oxides with 
hot N HCl; make ammoniacal and again filter, but wash the residue 
this time with dilute ammonium nitrate solution (p. 95). Add the 
filtrate to D. Ignite the residue to constant weight and weigh as 
Zr02(+ Hf02 and possibly a little AI2O3 and Ti02). To determine the 
A1 and Ti in this precipitate, fuse it with 5 to 10 g of Na 2 C 03 for 2 hours 
in a platinum crucible over a Teclu burner. Leach the melt with hot 
water, and determine the A1 in the filtrate (which dissolves as sodium 
aluminate) by making acid and proceeding as described on p. 95. 
Fuse the ignited residue from this last NagCOs fusion with KHSO4 and 
determine the Ti colorimetrically (p. 106). 

Any iron present m the mineral is contained in the filtrate D. Boil 
with a little Na 2 C 03 and Br 2 , and filter off the precipitate. Dissolve it 
in dilute HCl, reprecipitate with NH4OH, ignite, and weigh as Fe 203 . 
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Analysis of Chromite 

Although chromite (chrome iron ore) is not a silicate, it is insoluble in all acids, 
and can be brought into solution by fusion with alkali carbonates, or borates, so that 
its analysis will be discussed at this place. 

Chromite contains 18-39 per cent FeO, 0-18 per cent MgO, 42-64 per cent CroOs, 
0-13 per cent AI2O3, and 0-11 per cent SiOg. Calcium, manganese, and nickel are 
also occasionally present. 

Of the finely powdered and bolted mineral, fuse 0.5 g in an inclined, 
open platinum crucible with 4 g of pure sodium carbonate* for 2 hours 
over a good Teclu or Meker burner. After cooling, leach the melt 
with water, acidify with hydrochloric acid,t evaporate in a porcelain 
dish until a dry powder is obtained, moisten with hydrochloric acid, 
take up in water, and filter off the silica. Ignite, weigh, and test the 
purity with hydrofluoric acid (p. 428). Introduce hydrogen sulfide 
into the hot filtrate from the silicic acid and filter off the precipitate 
of platinum sulfide and sulfur. Catch the filtrate in an Erlenmeyer 
flask, add 10 ml of ammonium chloride, enough ammonia (free from 
carbonate) to make the solution alkaline, and a little freshly prepared 
ammonium sulfide. Stopper the flask and allow the contents to stand 
over night. In the morning filter off the precipitate, wash twice with 
water containing a little ammonium sulfide, dissolve it in hydrochloric 
acid, and repeat the precipitation with ammonium sulfide. Determine 
calcium and magnesium in the filtrate as described on p. 90. 

Dissolve the ammonium sulfide precipitate in cold 2N hydrochloric 
acid, filter off any residue of nickel or cobalt sulfide, and dry. Ignite 
this residue first in air, then in a current of hydrogen, and finally weigh 
as metal. It is not worth while to attempt the separation of the nickel 
from the cobalt on account of the small amount present. Expel hy- 
drogen sulfide from the filtrate from the sulfides of nickel and cobalt 
by boiling, oxidize the iron present by adding bromine and separate 
the iron, chromium, and aluminum from the manganese by means 
of the barium carbonate method (p. 156) and from one another as 
described on pp. 113 et seq. In the filtrate from the barium carbonate 
precipitate, separate the manganese from the barium as described on 
p. 135, 5, and determine as sulfide or as sulfate. 

Remark. — If it is desired to determine the chromium alone, this is best accom- 
plished by means of a volumetric process (see Part II). 

* Bunsen fused the chromite with one-third as much Si02 and 6-8 parts . 
and then subtracted the amount of silica added from the total amount found. This 
makes the decomposition take place more readily, but the author prefers not to add 
the silica on account of the possibility of thereby introducing an error. 

t If a dark residue of undecomposed mineral should remain, filter it off and again 
fuse with sodium carbonate. 
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Detenmnation of Thorium in Monazite* 

(a) Separation of Thonum and Cerium by Sodium Thiosulfate 

Monazite is a phosphate of the rare earths [(Ce,La,Di,Th)P 04 ]. 
It occurs in so-called '' monazite sand '' mixed with quartz, rutile, zircon, 
tantalates, etc., and has been used as raw material for the preparation 
of thoria (used in the Welsbach mantle). The value of a sample of 
monazite sand depends upon the amount of thorium present, and its 
determination is best accomplished as follows: 

Digest 50 g of monazite sand in a porcelain dish with 100 ml of concentrated 
sulfuric acid for about o hours, or until no yellow, undecomposed grains remain. 
This treatment easily dissolves all the thoria, which determines the value of the 
sand, but does not dissolve much ilmenite. It is advantageous not to get all the 
TiOo into solution as this vdll interfere with subsequent work. Cool, and mix slowly 
with 500 ml of ice-cold water contained in a liter measuring-flask. Allow to stand 
over night. 

In the morning, make up to the mark, mix, and filter. Use 100 ml of the filtrate 
for the subsequent analysis. If metals of the copper-tin group are present, saturate 
the solution with hydrogen sulfide, filter, wash, and heat the filtrate to expel the 
excess hydrogen sulfide. Add NH4OH and NH4CI to precipitate the rare earths 
with the iron-aluminum group. Filter and wash the precipitate. 

Dissolve the precipitate in dilute hydrochloric acid,t adjusting the acidity so that 
approximately 0.1 g of rare-earth oxide is present in 60 ml of solution which is not 
over 0.5 N in hydrochloric acid. Heat the solution to 60®, and precipitate the rare- 
earth oxalates by the addition of sufficient oxalic acid to leave about 3 g of the crystals 
in 100 cc of the final solution. Allow the solution to stand at 60° for some time, 
preferably over night. (If considerable titanium or zirconium is present, it is best 
to ignite the precipitated oxalates, dissolve in hydrochloric acid, and repeat the pre- 
cipitation with oxalic acid.) Filter off the oxalate precipitate; wash thoroughly 
with hot water containing a little hydrochloric and oxalic acids. 

Ignite the rare-earth oxalates to form the oxides. Dissolve the oxides in hot hydro- 
chloric acid, and evaporate the solution to dryness on the water-bath. Moisten the 
residue with 5 ml of water and again dry. Then add 200 cc of water and 9 g of 
sodium thiosulfate crystals dissolved in 30 ml of water. Allow to stand over night. 
In the morning, boil the solution for 10 minutes and filter off the precipitate of 
Th(0H)4 and sulfur. Wash with hot water and boil the filtrate vigorously for an 
hour to see if there is any further precipitation. If so, filter through a fresh filter, 
wash thoroughly, and set this precipitate aside. 

Wash the main precipitate back into the original beaker with as little water as 
possible, boil with 10 ml of concentrated hydrochloric acid, and filter into a small 
evaporating dish, washing the sulfur precipitate well. Evaporate the filtrate to 
dryness, and repeat the entire treatment with water and sodium thiosulfate, using 
150 ml of water and only 3 g of sodium thiosulfate dissolved in a little water. Finally 
make a third precipitation in the same way. 

* U. S. Bur. Mines., Bull 212. 

t The directions here given originated with Schoeller and Powell, Analysis of 
Minerals and Ores of the Rarer Elements (1919). 
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Test the filtrates from the second and third thiosulfate precipitations by adding 
ammonia; if any considerable precipitation takes place the thiosulfate precipitation 
must be repeated. 

Dissolve the final precipitate of thorium hydrojdde in 20 ml of 6 N hydrochloric 
acid, dilute the solution to 150 ml, heat to 60°, and add 30 ml of cold, saturated oxalic 
acid solution. Allow to stand half an hour, then stir vigorously and allow to stand 
at least 4 hours at 60°. Filter; wash with hot, very dilute hydrochloric and oxalic 
acid solution. Ignite the thorium oxalate, and weigh as Th02. 

Take the precipitate produced by 1 hour's boiling of the filtrate from the first 
thiosulfate precipitation, the ammonia precipitates after the second and third pre- 
cipitations, together with the suKur residues, and ignite. Fuse with potassium pyro- 
sulfate, cool, leach with hot water, precipitate with ammonia, dissolve in hydrochloric 
acid, evaporate to dryness, and carry out the thiosulfate precipitation as above. 
Add the small quantity of Th02 obtained after the final precipitation as oxalate to 
that originally obtained. 

Notes:* — 1. The rare-earth oxides rarely dissolve perfectly in hydrochloric acid. 
When no more seems to dissolve, add a little potassium iodide and reheat. Boil off 
most of the iodine and oxidize the remainder with a little sulfurous acid and filter 
until a clear filtrate is obtained. 

2. If the initial separation of the rare earths as oxalates has been properly per- 
formed so that only traces of phosphate are contained in the precipitate, then if the 
final thiosulfate precipitate is washed and ignited to oxide it will only be about 0.2 
per ceno t-uo heavy. 

3. When extreme accuracy is not necessary, the filtrate from the first oxalate 
precipitation, and the filtrate from the three thiosulfate precipitates can be neglected 
and the last thiosulfate precipitate ignited and weighed. 

( 6 ) Separation of Cerium and Thorium hy Potassium Iodate1[ 

The thiosulfate method is long and tedious. The iodate method is much more 
rapid and gives results which are nearly, if not quite, as good. 

Treat 50 g of monazite sand with sulfuric acid, as described above, and use one- 
1 of the diluted solution. To the 50 ml aliquot, add 50 ml of concentrated nitric 
and cool. Add a solution of 15 g of potassium iodate in 30 ml of water and 50 



Wash the precipitate back into the beaker and cover with 200 ml of a solution con- 


^ p -KT li+Ar Ap-flin nouT 

the beaker again, heat to boiling, and dissolve the 


of potassium iodate dissolved in a little concentrated nitric acid ana warer. 

To remove titanium and zirconium, dissolve the precipitate in hydrochloric acid 
and a little sulfurous acid to reduce any cerium to the cerous condition, make slightly 
basic with ammonia, and filter. Wash the precipitate free from iodide, dissolve again 
in hydrochloric acid, and precipitate the thorium as oxalate by means of a large excess 
of oxahc acid as in the preceding method. Ignite and weigh as Th02. 


These notes were very kindly furnished by H. F. V. Little of Thorium, Ltd., 
Speter, Chem. Ztg., 34 , 306 (1910); Schoeller and Powell, loc. di. 
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Water in Silicates 

The total hydrogen content of any substance can be determined under 
suitable conditions as water. Hillebrand* has classified the condition 
of hydrogen in minerals as follows: 

A. Essential h^Mrogen representing a part of the characteristic 
molecular or crystalline structure. 

I. Present in definite stoichiometric proportions. 

(a) As acidic or basic hydrogen (e.g.j KH 2 Al 3 (Si 04 ) 3 ) t 
(h) As water of crystallization. 

II. Not present in stoichiometric relations with reference to the 
substance as a whole but present in one of the above forms in some 
constituent, the entire substance being a solid solution or isomorphous 
mixture of two or more individuals. 

B. Nomessential hydrogen, not necessary for the characterization 
of the mineral. 

I. In liquid solution, as in deliquescent powders or in amorphous 
material including supercooled liquids. 

IL Held by surface forces. 

(а) Adsorbed in films of molecular thickness. 

1. On walls of cavities within grains of aggregates. 

2. On the exteriors of grains. 

(б) Held by capillarity, in liquid form. 

1. In colloids with mesh structure. 

2. In definite openings within aggregates. 

3. In spaces between grains. 

III. Included hydrogen. 

(а) As liquid droplets in cavities. 

(б) As included grains of other minerals. 

There is no rule to lay down to enable the chemist to differentiate 
between these different classes. 

* U. S. Geol. Survey, Bult 700. 

t Inasmuch as hydrated alumina does not ionize appreciably as either an acid 
or a base, and the above formula can be rewritten to make the hydrogen appear basic 
KA10(A10H)2(Si03)3, and the mineral a meta instead of an ortho silicate, it is idle 
to spend much time arguing whether the hydrogen in such a mineral is really acidic 
as the first formula indicates or possibly basic as the second formula shows. 



WATER IN SILICATES 


455 


If the mineral on ignition loses nothing but water, the amount of the 
water, can be determined by the loss in weight. Usually, however, 
other constituents (e.g., CO 2 , SO 2 , Cl, F, etc.) are lost, and the substance 
may undergo an oxidation (FeO is changed to Fe 203 ; PbS to PbSOi, 
etc.). In such cases the procedure recommended by Jannasch can be 
used to advantage. The substance is heated with lead oxide, and the 
water vapor is conducted over a heated mixture of lead oxide and lead 
peroxide and absorbed in a weighed calcium chloride tube (see p. 427). 

If the substance on ignition loses simply water and- carbon dioxide 
the water may be accurately determined by the method of Brush and 
Penfield.* 

Brush and Penjield’s Method 

The rock powder is heated in a hard glass tube, closed at one end, containing one 
or more enlargements to provide for the condensation of the water. For most pur- 
poses, the tube a shown in Fig. 99 is satisfactory. It is 20-25 cm long and has an 
internal bore of about 6 mm. If the water is expelled with difficulty, the tubes 



Fig. 99. 

b and c are sometimes preferred. The tube d is a thistle tube used for introducing 
the powder into the tube and e is a tip which is placed on the open end of the tube 
during the heating to prevent diffusion of air in and out of the tube. At the start 
and finish, it is important that the tube should be dry on the inside. To dry the tube; 
insert a piece of glass tubing, extending to the bottom of the tube, and connect the 
outer end with the suction pump. In weighing the tube, a brass tube support should 
be used for holding it on the balance pan. 

First weigh the tube and its brass support. Then introduce about 
1 g of the rock powder through the thistle tube, which must be dry on 
the inside. A suitable filling tube can be made from a 5-cc pipet, 

Am. J. Sci. [3], 48, 31 (1894), and Z. anorg, Chem., 7, 22 (1894); Washington, 
The Chemical Analysis of Rochs, 
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cutting the bulb in two and reducing the length to 25 cm. After the 
tube is filled weigh the tube and brass support again to find the weight 
of p6wder taken. Avoid rolling any of the powder toward the open 
end. 

Clamp the tube in a horizontal position, and tap it gently to afford 
a free passage for the heated air above the powder and connect the tip e 
with the open end of the tube. Place a narrow strip of filter paper or 
lamp wicking around the bulb and the farther end of the tube, with the 
ends dipping in cold water. This is to keep the walls of the tube cold 
so that w-ater will condense but the wicks should not be so near the 
open end that there is any chance of water getting into the tube from 
the outside. 

Carefully heat the closed end of the tube, gradually increasing the 
heat until the full heat of a Tirrill burner is obtained. With some 
minerals the heat of the Meker burner is necessary. If the end of the 
tube tends to sink, gently turn it around from time to time. 

After the powder has been well ignited, and the water completely 
expelled, which will take at least 15 minutes, seal a short piece of nar- 
row glass tubing to the hot end of the tube where the substance lies, to 
serve as a handle. Lower the flame and cautiously drive any con- 
densed moisture near the substance into the bulb, taking care not to 
crack the tube. When this is accomplished and there are no longer 
any drops of water near the substance, soften the hot end by heating 
with the tip of a Meker burner. When the tube is sufficiently soft all 
around, draw off the end containing the powder and seal the tube with- 
out allowing the flame to enter. 

Allow the tube to cool in a horizontal position, wipe dry on the outside, 
and weigh after it has reached room temperature, removing the tip 
while weighing. It is well to test the condensed water with litmus to 
see if it is acid or basic. After the tube has been weighed, dry with 
suction as at the beginning before the first weighing. Cool, wipe dry 
on the outside, and weigh again. The difference between the last two 
weights is the amount of total water contained in the rock powder. 

If the rock contains minerals like talc, topaz, chondrodite or staurolite, it is neces- 
sary to use a high temperature in the original heating. If constituents like SO3, 
S, Cl or F are present it is necessary to add as retainer a substance such as lime, 
previously ignited and cooled. Add about 0.2 g through the thistle tube after the 
rock powder has been weighed. 

To correct for the loss of water by evaporation, assume that 0.0003 g of water is 
lost per hour. If considerable carbon dioxide is present as carbonate in the powder, 
assume that each gram of CO 2 escaping from the tube will cause the loss of 0.0096 g 
of water. 
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Method of Gooch 

The tubulated crucible devised by Gooch is useful for the determi- 
nation of hydrogen (or water) in minerals which require a flux and a 
high temperature. Mix 0.5 g of the powder with 2.5 g of fully dehy- 
drated sodium carbonate (heated nearly to melting and cooled in a desic- 
cator) in the crucible C, Fig. 100. Place the crucible on a triangle, 
put the top in place and connect on one side with a calcium chloride 
tower and soda-lime tubes to free the air from moisture and carbon 
dioxide and connect on the other side with a sulfuric acid bulb-tube. 
If it is desired to de- 
termine carbon at the 
same time, use 10 g 
of fused lead chro- 
mate instead of the 
sodium carbonate as 
flux. Seal the top of 
the crucible by pour- 
ing powdered sodium 
tungstate (free from 
arsenic which would 
ruin the crucible), or 
sodium carbonate, into 
the flanged lip L, im- 
merse the crucible in 
cold water and melt 
the flux in the lip by 
the flame from a blast 
lamp. As soon as the 
flux is fused withdraw 
the flame and stopper 
the tubes through 
which air is passed. 

When the flux cools, 

a tight joint is made Fig. 100. 

as shown by the main- 
tenance of the height of sulfuric acid in the bulb-tube as it is suck 
back during the contraction of the crucible on cooling. 

Dry at 105° for an hour by means of an air or toluene bath wt 
passing dry air through the crucible. Then connect the crucible wit! 
weighed calcium chloride tube and the tube with a weighed ascai 
bulb (p. 362) if the determination of carbon is to be made also. Shi 
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the sodium tungstate joint from the flame by a horizontal piece of asbes- 
tos board and place a similar vertical shield between the crucible and 
the weighed absorption tubes. Connect the outer absorption tube with 
the sulfuric acid bulb to show the rate at which the gas is passing through 
the apparatus. Slacken the air stream and carefully heat the crucible 
with a free flame, beginning at the top of the rock mixture. When the 
fusion is complete, as shown by a lessening of the rate at which gas 
escapes, extinguish the flame and allow a current of air to continue 
until the apparatus is cold. Only a few minutes are required for the 
heating. Cool and weigh the absorption bulb with the usual precautions. 

Obviously the determination can be made in a glass tube in a short 
combustion furnace. 

Analysis of Tantalite (Columbite)* 

Tantalite and columbite are isomorphous orthorhombic minerals containing 
tantahc and columbic acids in combination with ferrous and manganous oxides: 
(Ta, Cb)206-(Fe, Mn)0. Tantalic acid preponderates in tantalite; columbic acid, 
in columbite. The method given below permits the determination of the essential 
constituents of the mineral in a sample weighing 0.25 g or less. 

Grind the mineral to an impalpable powder, and fuse 0.5 g with 4 g 
of potassium bisulfate in a silica crucible. Spread the fluid melt so 
that it solidifies in a thin layer. Cool, and fill the crucible with part 
of the hot solvent (4 g of tartaric acid in 50 ml of water). When de- 
tached, transfer everything to a 400-ml beaker with hot water, rinse 
the crucible, and add the rest of the solvent. Stir the liquid without 
interruption until the cake has disintegrated, leaving a pulverulent 
white residue which dissolves to a clear solution when the liquid is 
subsequently heated just to boiling during constant agitation. If this 
residue is allowed to settle, it begins to cake and adhere to the beaker, 
part of the tantalic acid becoming insoluble; in such a case, filter ofi 
and retreat the insoluble fraction, or begin again with a fresh 0.5-g 
portion. 

Treat the liquid with 5 ml of 10 per cent H2SO4, and introduce H2S 
until it is cold. Stir in a little filter pulp, allow to stand for an hour or 
two, and collect the precipitate and residue. Wash with acidulated 
H 2 S water; gently ignite in a porcelain crucible, and weigh as Sn 02 plus 
silicious gangue. Determine the tin as on p. 224. 

The filtrate contains hydrogen sulfide, and the iron as ferrous salt. 
Heat it to boiling, add 30 to 35 ml of strong hydrochloric acid, and boil 
for 2 minutes (Vol. I, p. 566). AUow the white, earth-acid precipitate 

* Schoeller and Webb, Analyst, 69, 669 (1934). 
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to settle, decant the clear liquid through an 11-cm filter, mix the pre- 
cipitate with a liberal proportion of filter pulp, and transfer to the filter. 
With a stream of 0.2 N HCl from a wash-bottle, return the precipitate 
to the beaker, stir up well, again collect on the filter, and finish the 
washing. Ignite the wet precipitate in the tared silica crucible, and 
reserve (A). 

Evaporate the filtrate from the earth-acid precipitate in a large beaker 
to small bulk, transfer to a 250-ml beaker, and evaporate to about 20 ml. 
Eeduce the ferric salt with hydrogen sulfide, add a decided excess of 
strong ammonia and 10 ml of fresh ammonium sulfide solution. The 
precipitate contains all the iron, and all but a few milligrams of the 
manganese. Allow to stand for 2 hours, collect the precipitate on a 
9-cm filter containing a small pad of filter pulp pressed into the apex, 
and wash with water containing ammonium sulfide and chloride. Ig- 
nite the precipitate, dissolve it in strong hydrochloric acid, and separate 
iron from manganese by the basic acetate process (p. 158). 

Slightly acidify the filtrate from the sulfide precipitate with acetic 
acid, boil ofit hydrogen sulfide, and add a fresh solution of 1 g tannin 
and 5 g of ammonium acetate. The colored precipitate consists of the 
small earth-acid fraction pot precipitated by hydrolysis with hydro- 
chloric acid. Filter, wash the precipitate with 2 per cent ammonium 
chloride solution, and ignite in the silica crucible containing the major 
fraction (A). Leach the ignited precipitate in a small beaker with 
0.5 A hydrochloric acid, make slightly ammoniacal, collect the pre- 
cipitate, ignite strongly, and weigh as Ta 205 + Cb 205 .* For the sepa- 
ration of tantalum from columbium, the precipitate is treated as in- 
dicated on p. 178 (tannin methods: No. 4). 

The fiiltrate from the tannin precipitate contains a few milligrams of 
manganese. It is best to boil it down with a large excess of nitric acid 
and 5 ml of sulfuric acid for the destruction of the tannin, tartaric acid, 
and removal of chloride. Dilute the colorless final acid solution with 
water, and test the liquid colorimetricaUy with persulfate and silver 
nitrate (see p. 138). 

* It is assumed that the mineral is substantially free from titania. 
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VOLUMETRIC ANALYSIS 


A gravimetric analysis is accomplished by adding to the solution of 
the substance to be analyzed a reagent of only approximately known 
strength, separating one of the products of the reaction from the solu- 
tion and weighing it. A volumetric analysis is made by causing the 
reaction to take place by means of a measured volume of a solution of 
accurately known strength (titer) and computing the amount of sub- 
stance present by the volume of the solution which reacts with it (ef. 
p. 1). For this sort of analysis accurately calibrated measuring in- 
struments are necessary. 

Measuring Instruments 

1. Burets are tubes of uniform bore throughout the entire length; 
they are graduated in milliliters* and are closed at the bottom, as shown 
in Fig. 101, by means of a glass stopcock, or with a piece of rubber tubing 
containing a glass bead k The latter form was devised by Bunsen and 
is used as follows: Seize the tubing between the thumb and forefinger 
at the place where the glass bead is, and by means of a gentle pressure 
at the top of the bead, form a canal at one side of the bead through which 
the liquid wfil run out. Instead of the glass bead an ordinary pinch- 
cock is sometimes used. 

Besides the above forms of burets, a great many others are in use, 
but it is unnecessary to describe them here. 

2. Pipets. — A distinction must be made between a transfer pipet and 
a wMsuring one. A transfer pipet has only one mark upon it, and 
serves for measuring off a definite amount of liquid. Transfer pipets 
are constructed in different forms; usually they consist of a glass tube 
with a cylindrical widening at the middle. The lower end is drawn 
out, leaving an opening about 0.5-1 mm wide. Pipets of this nature 
are constructed which will deliver respectively 1, 2, 5, 10, 20, 25, 50, 


* The liter as defined by the U. S. Bureau of Standards represents a volume of 
1000.027 cubic centimeters. The one-thousandth part of a liter is called the milli- 
liter, abbreviated ml. It is almost but not quite the same as a cubic centimeter, or cc. 
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lOOj and 200 mi. For delivering these definite volumes of liquid, 
pipets are more accurate 
than burets or flasks. 

Measuring pipets are buret- 
shaped tubes graduated in 
milliliters and drawn out 
at the lower end. They 
serve to measure out any 
desired amount of liquid and 
are obtained vith a total 
capacity of 1, 2, 5, 10, 20, 25, 
and 50 ml. 

3. Measuring flasks are 
flat-bottomed flasks with 
narrow necks provided with 
a mark, so that when they 
are filled to this point they 
will contain respectively 50, 

100, 200, 250, 300, 500, 1000, 
and 2000 ml. They serve 
for the preparation of stand- 
ard solutions and for the 
dilution of fluids to a definite 
volume. 

4. Measuring cylinders are 

graduated in milliliters and 
are used only for rough Fig. 101. 

measurements. 

It is clear that accurate results can be obtained by a volumetric 
analysis only when the instruments used are accurately calibrated. It 
should never be taken for granted that a purchased instrument is 
correct, but it should always be tested carefully. 

Normal Volxime and Normal Temperature 

A liter, which is the volume of a kilogram of water at its maximum 
density, is taken as the normal volume. If it is desired to mark on the 
neck of a liter flask the point to which this volume reaches, the position 
of the mark depends upon the temperature of the vessel. It is neces- 
sary, therefore, to choose for the vessel itself a definite temperature, 
the so-called normal temperature. At present the temperature of 
+20^" C is taken as the normal temperature by the United States 
Bureau of Standards. According to this, then, the flask should contain 
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at 20° the volume that would be occupied by a kilogram of water at 
+4°, and as the kilogram is the unit of mass, the weighing should also 
take place in a vacuum. 


DENSITY OF WATER AT DIFFERENT TEMPERATURES* 


Density 

Density 


Density 

0° 

0.999876 

14° 

0.999271 

28 

0.996258 

1 

9926 

15 

9126 

29 

0.995969 

2 

9968 

16 

8969 

30 

5672 

3 

9992 

17 

8801 

31 

5366 

4 

1.000000 

18 

8621 

32 

5052 

5 

0.999992 

19 

8430 

33 

0.994728 

0 

9968 

20 

8229 

34 

4397 

7 i 

9929 

21 

8017 

35 

4058 

8 

9876 

22 

0.997795 

36 

0.993711 

9 

9808 

23 

7563 

37 

3356 

10 

9727 

24 

7321 

38 

0.992993 

11 

9632 

25 

7069 

39 

2622 

12 

9524 

26 

0.996808 

40 

0.992244 

13 

9404 

27 

6538 




This experimental impossibility can be overcome inasmuch as the 
weight of a liter of water is known accurately at temperatures other 
than +4°, and also the expansion of the glass with rise of tempera- 
ture, and the buoyancy which the weights and the water experience as 
a result of weighing in the atmosphere. The sum of the weights which 
must be placed upon the balance pan in order to determine the space 
occupied by a true liter of water, therefore, depends upon the tempera- 
ture of the water and of the vessel, as well as the density of the air at the 
time of the experiment. The density of the air varies somewhat from 
day to day and depends upon the barometric pressure, the temperature, 
and the amount of moisture. It usually suffices, however, to assume the 
average values of these factors and in this way the table on p. 463 has 
been computed to show the apparent weight in air with brass weights 
for temperatures between 15° and 30° under 50 per cent humidity and a 
barometer reading of 760 mm. 

If the glass vessel is at 20° no other correction is necessary. The 
glass, however, expands with rise of temperature. The coefficient of 
cubical expansionf varies from 0.000023 to 0.000028 per degree G. An 
average value of 0-000025 can be assumed. 


* Thiesen, Scheel, and Diesselhorst, 1904. The values given represent the 
weight in grams of 1 ml of water with proper allowance made for the buoyancy of 
air; in other words, it gives the weight which would be obtained if it were possible 
to weigh the water in a perfect vacuum. 

t At first sight it may seem strange to consider the cubical expansion of glass in 
calibrating. If, however, we consider a cube of glass with a cavity cut in it of 
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APPARENT WEIGHT IN GRAMS OF WATER IN AIR 


ir. 

i3e'.^ree,s C 


IujO ;iil 

ujO n^i 

4l 1U lul 

oOO mi 

1 250 ml 

150 Ell 

15 

1995.11 

99s . 05 

490.03 

399.22 

299.42 

249.52 

149.71 

lii 

1995. SO 

997 . 90 

49S.95 

399.16 

299.37 

249.48 

149.68 

17 

1995. 4S 

997.74 

498.87 ■ 

399.10 

299.32 

249.43 

149.66 

IS 

1995.13 

907.50 

408.78 

399.03 

299.27 

249.39 

149.63 

19 

1994.70 

■ 

997. 3S 

498.69 ; 

398.95 

299.21 

249.34 

149.61 

20 

1994.30 ; 

997. l.S 

498.59 ^ 

.39S.S7 

209.15 

249.30 

149.58 

21 

1993.95 j 

990.97 

498.49 ■ 

39S.79 

299.09 

249.24 

149.55 

22 

1993.51 i 

990.70 

498.38 i 

398.70 1 

299,03 

249.19 

149.51 

23 

1 1993.00 i 

990,53 : 

; 498.20 1 

398.01 ^ 

^ 298.96 

249.13 

149.48 

24 I 

1 1992,58 : 

i ; 

990.29 i 

i 498.15 1 

1 1 

398.52 i 

1 

i 298. S9 

: 249.07 

149.44 

25 

1 

1992.09 : 

990.04 ^ 

: 498.02 ! 

398.42 j 

; 298.81 ! 

249.01 

149.41 

2G 

1991.57 : 

995.79 : 

: 497,89 ; 

398.31 ‘ 

' 298.74 

248.95 

149.37 

27 

1991.04 i 

995.52 i 

1 497.76 • 

39S.21 1 

i 298.66 

24S.SS 

1 149.33 

2S 

1990.49 i 

995.24 

1 497.62 1 

398.10 1 

! 29S.57 1 

248. SI 

149.29 

29 

I9S9.92 1 

994.90 : 

497. 4S j 

397. 9S 

! 29S.49 ! 

i i 

248.74 

149.24 

30 

19S9.33 1 

1 

994.66 

i 497.33 ; 

; i 

397.87 

29S.40 1 

248.67 

i 

149.20 


In order to determine the exact volume of a vessel by weighing the 
water it contains, we must therefore make allowance for the expansion 
of the w^ater (which makes a given volume lighter), for the buoyancy of 
air (which makes a given weight of w’ater lighter than it really is if the 
weighings are made with brass), and for the expansion or contraction of 
glass if the temperature is other than 20°. Since the first two corrections 
are in the direction that makes a liter of water weigh less and the correc- 
tion for the expansion or contraction of the glass is almost negligible, it 
is evident that the number expressing the weight of a definite volume of 
water in grams w^ill always be smaller at laboratory temperatures than 
the volume expressed in milliliters. Aloreover, the difference between 
these numbers at temperatures ranging from 15° to 30° will vary from 
2.1 to 4.8 units or from 0.21 to 0.41 hundredths of 1 per cent of the 
total weight. In testing calibrated glass liter flasks, where the volume 
is substantially correct, the following table shows the number to add 
to the apparent weight in grams of the water in air (with brass weights) 
to give the correct volume in milliliters. 

This table can be used also for testing other volumes such as that of a 
500-ml flask, a 100-ml flask, or a 50-ml pipet, using the proportionate 
fraction of the above values. Thus in testing a buret by weighing 10-ml 

lO-cm edge, then on heating it the cavity will expand to the same extent as if the 
glass had not been cut out. We measure, therefore, the cubic expansion of glass 
which has been removed in order to find the change in volume of a glass measuring 
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portions, add the above values in centigrams to the weight in grams, and 
the sum will show the volume in milliliters. 


VOLIBIE OF ONE LITER FROM THE APPARENT WEIGHT OF WATER 


Temp. 

Add 

Temp. 

Add 

Temp. 

Add 

Temp. 

Add 

15° 

2.07 

19.0 

2.65 

23.0 

3.40 

27.0 

4.31 

15.5 

2.13 

19.5 

2.73 

23.5 

3.50 

27.5 

4.43 

16.0 

2.20 

20.0 

2.82 

24.0 

3.61 

28.0 

4.56 

16.5 

2.27 

20.5 

2.91 

24.5 

3.72 

28.5 

4.69 

17.0 

2.34 

21.0 

3.00 

25.0 

3.83 

29.0 

4.82 

17.5 

2.41 

21.5 

3.10 

25.5 

3.95 

29.5 

4.95 

18.0 

2.49 

22.0 

3.19 

26.0 

4.06 

30.0 

5.08 

18.5 

2.57 

22.5 

3.29 

26.5 

4.18 



The above table is useful, but the student should know how to make the corrections 
without the table; the following example will show how this can be done. 

Problem. — Compute the volume at the standard temperature of 20° of a glass 


measuring-flask from the following data: 

Weight of flask filled to the mark with water at 24° 1136 . 40 g 

Weight of the flask empty 140 . 58 

Density of w^ater at 24° 0 . 99732 

CoeflScient of cubical expansion of glass, per degree 0.000025 

Density of weights, 8.4.' Weight of 1 ml of air at 24° and 
760 mm 0.00116g 


Reduction to Vacuum. — Since the flask is weighed twice under the same condi- 
tions, it is unnecessary to correct its w^eight for the buoyancy due to air, but the 
observed weight of water, 1136.40 - 140.58 = 995.82 g, needs correction. In making 
the buoyancy correction only two significant figures are reliable here because the 
density of the w^eights was not given with greater accuracy. The volume of air 
displaced by the water is very nearly 1000 ml and that of the air displaced by the 
weights is 1000/8.4 = 120 ml. The buoyancy correction is, therefore, the weight 
of 880 ml of air; 880 X 0.00116 = 1.02 g. The w’^ater in the flask would weigh 
995.82 + 1.02 = 996.84 g, if the weight could be made in a perfect vacuum. 

Correction for Glass Expansion. — The capacity of the flask increases from 20° 
to 24° to the same extent that glass would expand if it were present in the space 
occupied by the water, namely 1000 X 0.000025 X 4 = 0.10 ml. Therefore, the 
volume will be 0.10 ml less at 20° than it is at 24°, and the weight of the water would 
be 996.84 - 0.10 = 996.74 g. 

Compulation of the True Volume. — Since the density of water at 24° is given as 
0.99732 g, 1 1 should weigh 997.32 g and a volume of 996.74 g corresponds to 


This checks well with the value to be obtained by using the above table according 
to which 3.61 g should be added to the apparent weight in air; 995.82 + 3.61 = 
999.43. 
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Calibration of a Buret 

A buret will not drain properly unless it is clean on the inside so that 
tdsible drops of liquid do not adhere to the sides when the liquid is with- 
drawn. “ Cleaning solution/' made from potassium diciiromate and 
concentrated sulfuric acid, is efficient for cleaning burets and other glass 
apparatus. Dissolve 2 g. of potassium dichromate in 5 mi of water, 
heating till the salt has ail dissolved, cool the solution and add slowly, 
while stirring, about 65 ml of concentrated sulfuric acid. Consider- 
able heat is evolved on adding the acid to the water. Fill the buret with 
the hot chromic acid solution and allow it to stand 15 minutes or longer. 
Since this cleaning solution attacks rubber, it is best to remove the 
rubber tubing from the end of a IMohr or plain buret and force the end 
into a medium-sized cork stopper. Place a beaker under the buret 
while it is standing with the cleaning solution in it. 

xlfter 15 minutes, let the solution run out and rinse out the buret 
at least four times with water. Then test to see that water drains freely 
without leading drops adhering to the sides; if so, the cleaning process 
must be repeated. The cleaning solution can be kept and used re- 
peatedly. It should be warm but not boiling hot when being used. 
Before pouring the used cleaning solution down the sink, remember to 
start water running freely so that the acid '5^411 be largely diluted and 
•will not attack the piping. 

Remove the stopcock of the glass-stoppered or Geissler buret, wipe 
it dry and also wipe the inside of the ground joint in the buret. Smear 
the surface with stopcock lubricant,* and replace in the buret. Fasten 
the stopcock in place with some No. 24 copper wire. 

Fill the buret with distilled water and make sure that the water ex- 
tends to the very tip of the stopper with no air bubble there. To re- 
move the air from a plain buret, raise the tip so that it is above the bot- 
tom of the glass tube and allow water to run out from the upturned tip; 
the lighter air tends to flow^ upward. The buret is now ready to be 
calibrated. Drain out water so that the upper level is close to the zero- 
mark. 

Weigh a 50-ml, flat-bottomed, narrow-necked flask to the nearest 
centigram. The outside of the flask must be dry but it is not necessary 
to have the inside dry or cleaned with chromic acid solution. It is a 
waste of time to read the weight closer than to the nearest centigram, 

* Vaseline can be used as lubricant but is a little thin. Luhriseal, sold by the 
A. H. Thomas Co. of Philadelphia, is better. A good lubricant can be made by 
melting together on the water-bath, 16 parts of vaseline, 8 parts of pure gum rubber, 
and 1 part of paraffin. 
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because one cannot read the buret closer than to the nearest 0.01 ml 
and rapid weighing is advantageous to avoid error due to evaporation. 
Record the weight in the notebook. (See p. 467.) 

Read the buret to the nearest 0.01 ml, and record the reading. Check 
each weight and each reading after setting them down in the note- 
book. In reading the buret, it is best to read the bottom of the menis- 
cus, except with dark-colored liquids like potassium permanganate 
solution, in which case the top of the meniscus should be read. It is 
important that the eye should be directly opposite to the point read. If 
the eye is above the meniscus, the reading will be too high, and if the 
eye is too low the reading will be low. To avoid such parallax errors, 
the Bureau of Standards has asked the makers of burets to make the 
hnes complete circles; the position of the eye is correct when the circle 
nearest to the bottom of the meniscus appears to be a straight line. 
When all the lines are circles, it is a little confusing to some eyes, so that 
some chemists prefer to use burets in which the lines of graduation do 
not extend very far and with lines of different lengths so that one can 
readily distinguish the whole and half milliliter lines. In such cases, it is 
well to take a strip of blue glazed paper with a straight and smooth 
edge. Wrap this strip around the buret evenly, with the colored edge 
on the inside. If the paper is placed about 2 divisions below the bottom 
of the meniscus, the eye will be level when the inside blue of the paper 
just comes into view. The blue also serves to make the tip of the menis- 
cus appear a httle darker and more sharply defined. With a little prac- 
tice, one can easily learn to estimate to within 0.01 ml the exact position 
of the meniscus. 

After reading the buret, drain out 10 ml of water into the weighed 
flask stopping as closely as possible to the 10.00 mark but not wasting 
much time trying to get it exactly there because there will be a slight 
drainage while the weighing is being made. 

Then, without stopping to make an exact reading of the buret, weigh 
the flask and its contents to the nearest centigram. After this read the 
buret and allow water to run into the flask until the 20.00 mark is 
reached, continuing in this way until the buret has been drained to the 
lowest calibration mark. Record the weighings in the notebook accord- 
ing to the plan on the following page. 

When the cahbration is finished, fill the buret again and repeat the 
work. In the second testing the corrections for each 10 ml should check 
with the first within 0.02 ml. From the average values, make a plot 
using one division of vertical distance on the paper to represent 1 ml 
of buret reading and each division of horizontal distance to represent 
0.01 ml of correction. Then, on the plot, the total distance from the 
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base line will show the correction to be applied for any given reading 
of the buret. Alany burets are obtained today which are calibrated 
so accurately that there is no need of appMng buret corrections, par- 
ticularly if one always makes a practice to begin at about the zero- 
mark with every standardization and in every analysis. It is never 
safe, however, to assume that a buret is correct without testing it. 

Instead of calibrating the buret in the manner just described, many chemists 
prefer to start each time at the zero-point, refilling the buret after each withdrawal 
of 10, 20, 30 or 40 ml of liquid. Others prefer to calibrate by causing the water to 
flow through a carefully calibrated small pipet, reading the buret after each with- 
drawal of a pipetfui of water. The data obtained in calibrating a buret should be 
recorded as follows: 


BURET CALIBRATION. TEMP. 25° 


Wts. 

Diff. 

Buret Rdgs. 

Diff. 

True Vol.* of 
each portion 

Correction 
for 10 ml 

Total 

Correction 

20. S2 
30.50 

9. 98 

0.01 

9.96 

9.95 

10.02 

-b.07 

+ .07 

40.52 1 

10.02 

19.95 

9.99 

10.06 

-t-.07 1 

+ .14 

50.47 

9.95 

29.93 

9.98 

9.99 

■f .01 1 

+ .15 

60.39 1 

9.92 

39.91 

9. 98 

9.96 

-.02 

+ .13 

70.40 

10.01 

49.85 

9.94 

10.05 

+ .11 

+ .24 


* The table on p. 464 shows that the correction to be added to the weight of 1 1 
of water when weighed in the air at 25° is 3.83 g. For 10 ml (1/100 liter) the cor- 
rection will be 0.0383 g. Since the buret cannot be read to less than 0.01 ml, 
the correction used is 0.04 g. For very accurate work, weight burets are used in 
which the stoppered buret is weighed at the start and finish of each analysis. 
With such a buret the analysis can be made more accurately; see p. 472. 

Calibration of a Pipet 

Clean the pipet with cleaning solution, but take care not to suck any 
of the chromic acid into the mouth. To avoid this, attach a piece of 
rubber tubing to the pipet and apply suction through this tubing. 
Rinse out the pipet with water. Suck up distilled water to a point 
above the graduation mark, quickly place the forefinger over the top of 
the tube and allow the level of the water to fall until the bottom of the 
meniscus coincides with the graduation mark. Then allow the contents 
of the pipet to ran into a weighed flask; hold the pipet in a vertical 
position all the time. As soon as the pipet is empty, touch the tip to 
the inside surface of the flask and withdraw it. Do not wait for another 
drop to form and do not blow into the pipet. From the weight of the 
water, determine the volume of the pipet as in the calibration of a 
buret. 
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Calibration of a Flask 

Flasks are sometimes calibrated both for content and for delivery. 
To test the calibration for delivery, clean and weigh the delivered water 
exactly the same as in the case of burets and pipets. 

To test the calibration for content. Clean carefully and dry both 
inside and outside. Allow it to come to room temperature and weigh 
the empty flask. Then fill with water up to the mark and weigh again. 

To calibrate an unmarked flask, preferably one having a narrow 
neck, clean, dry and weigh (or tare* carefully). Then place the proper 
weight on the balance pan and add water until equilibrium is again re- 
stored. Note the place on the neck where the bottom of the meniscus 
comes. 

Piace the flask upon a level surface and fasten a piece of gummed 
paper with a straight edge around the neck of the flask so that its upper 

edge is just tangent to the 
deepest point of the water 
meniscus. Empty the 
flask, dry, cover its neck 
with a uniform layer of 
beeswax, and allow to 
cool; this usually requires 
about 15 minutes. Then 
hold the flask, as is shown in 
Fig. 102, against the piece 
of wood s, place the blade 
of a pocket-knife firmly 
against the upper edge of 
the thick paper ring, and revolve the flask through 360^^ around its 
horizontal axis; in this way a circle is cut in the wax layer. By means 
of a feather place a drop of hydrofluoric acidf along this circle while 
holding the flask in the horizontal position. By turning the flask around 
its axis, allow the drop of hydrofluoric acid to act upon the glass where 
the wax coating has been cut. After 2 minutes wash the excess of hy- 
drofluoric acid ofl, dry the neck of the flask by means of filter paper, 
heat until the wax melts, and wipe it off. Remove the last traces of 
wax by rubbing with a cloth wet with alcohol. 

* The word tare is used to represent a counterpoise which may or may not be 
weights. If weights are used, it is not necessary to record the values. 

t Hydrofluoric acid produces painful bums. If any of the acid gets on the fingers, 
wash them well with water at once. The acid does not smart, or sting, at first 
because it has anesthetic properties. 
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If flasks or burets are to be tested in large numbers, or when a class 
is set to work calibrating burets with a limited supply of balances, it is 
better to use a volumetric method. Thus for testing flasks at the Bureau 




of Standards a series of volumetric standards have been made up, each 
standard having a capacity slightly less than that of the flask it is in- 
tended to test. When the water from the appropriate standard is 
delivered into a flask, the flask is fiUed nearly to the graduation mark. 
The filling is then completed by means of a finely graduated buret. 
The capacity of the flask is found from the known volume delivered by 
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the standard and the additional volume delivered by the buret. The 
flask standard and the buret are themselves calibrated by weighing the 
water delivered. 

For the same purpose, Morse and Blalock devised a set of standard 
bulbs as shown in Figs. 103-106, inclusive. In calibrating these bulbs 



it is necessary to determine, with the aid of the table on j 4, the 

capacity from the single mark to the first stem division and tl pacity 

of the stem for the smallest subdivision. 

In using this Morse-Blalock apparatus it is not necessary to pay 
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any attention to the temperature after the calibration is once made 
because, ii the leinperature of the water is constant during the work, 
the voliiiiie of the flask or buret will correspond to that of the cali- 
brating vessel 

To calibrate a standard bulb, first clean it with soapy water and 
chrome-siiifuric mixture as described on p. 465. Place the bulb so 
that the graduated stem is at the bottom as shown in Fig. 105. Use 
a glass stopcock for controlling the outflow, and the tip of the outflow 
must be restricted so that the outiiow is not over 50 ml per minute. 
Fill the bulb to the upper mark. With the stopcock wide open allow 
water to flow into a weighed flask until the first division (zero) is reached. 
Stopper the flask and weigh. With the aid of the table on p. 464 
compute the volume of water and capacity of the bulb. Adjust the 
liquid again to the zero-mark, place a smaller weighed flask under the 
delivery tube, and allow the stem to drain from the zero-mark down 
to the bottom mark. Weigh and compute the volume of each scale 
division with the aid of the data given in the tables. From these data 
compute the proper mark on the stem to w^hich the 
winter should fall in order to make the apparatus de- 
liver the desired volume of water and check this by 
trial. 

To calibrate a flask, place the flask under the delivery 
tube and allow water to run into it from the Alorse- 
Blalock bulb until the proper mark on the stem is reached 
and mark the position of the water in the neck as de- 
scribed on p. 468. 

To calibrate a buret, set up^the apparatus as shown in 
Fig. 105. The reservoir must be higher than the top of 
the buret and this, in turn, must be placed so that the 
lo'west graduation is higher than the bulbs. With the 
3-way cock h closed, open the cock a and fill the buret 
with winter. Close a and open b so that the 2-ml and 
3-ml bulbs can fiill, then drain the buret to the zero-mark 
and the bulbs to that mark on the stem of the 2-ml bulb 
which represents exactly 2 ml.' This leaves the bulbs 
properly moistened. Leave the buret cock open. Turn 
the cock h and measure 5 ml of water from the buret into 
the small bulbs. Observe the position of the meniscus 
upon the stem of the 3-ml bulb and calculate the true 
capacity of the first portion of the buret from the values of the stem 
divisions as determined in the calibration of the bulbs. 

For a more accurate calibration of the buret, 2-ml portions may be 


i ; 



Fig. 107 . 
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withdrawn or, by means of the standard tube shown in Fig. 104, the 
value of each milliliter or any fraction may be determined. 

For very accurate work, weight burets are desirable (Fig. 107). 
These are stoppered and weighed after each titration. It is possible to 
weigh a solution more accurately than to read its volume, but as a rule 
the end point is not accurate enough to warrant this extra bother of 
weighing. 

Concentration of Solutions. Calculations of Volumetric Analysis 

Volumetric analysis is based upon the measurement of volumes but 
it is necessary to know the strength of the reagent used to accomplish 
a given reaction. The strength of a solution is determined by its concen- 
tration or the quantity of reagent in a given volume. A solution of silver 
nitrate reagent may be prepared by dissolving 25 g of solid silver nitrate 
in water and diluting the solution to 1 1. The concentration of the 
well-mixed solution can be expressed by sa3dng that it contains 25 g 
of silver nitrate per liter, or 25 mg per ml. This method of expressing 
concentrations in weight per unit volume is a very common one. 

The chemist often speaks of a 10 per cent solution or a 20 per cent 
solution, etc. This is, as a rule, a rather careless way of expressing con- 
centrations because the chemist usually means by a 10 per cent solution, 
as Wilhelm Ostwald pointed out, one that contains 10 g of reagent in 
100 ml of solution. This method of expressing concentrations is used 
for approximate work when it does not make much difference whether 
the solution contains an exactly known weight. 

In expressing the concentration of aqueous solutions of gaseous sub- 
stances such as NHs or HCl it is common practice to say that the solu- 
tion contains a certain percentage hy weight. Thus the table at the back 
of the book shows that hydrochloric acid of 1.2 density contains 39,11 
per cent HCl by weight. This means that 1 ml of the HCl solution 
weighs 1.2 g and contains 1.2 X 0.3911 g of dissolved HCl. 

Sometimes mixtures of two hquids are said to contain a certain per- 
centage hy volume of one of them. Thus by diluting 25 ml of pure alcohol 
with water to make 100 ml of solution, the mixture can be said to con- 
tain 25 per cent of alcohol by volume. 

The physical chemist usually finds it convenient to express concen- 
trations in moles per liter ^ the designation mole (German mol) meaning a 
molecular weight in grams. A solution containing 36.46 g of HCl per 
liter is called, therefore, a molal solution. This designation is also ap- 
plied to ions in solution; a solution is said to be molal in hydrogen 
ions if it contains 1.008 g of H+ per liter. 

Sometimes the molecular weight of a substance may be in doubt. 
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Thus one chemist may write the formula of mercurous chloride as HgCi 
and another chemist may prefer HgoCU. A. A. Noyes, therefore, has 
made use of the term “ formal solution ’’ to represent one formula 
w'eiglit in grams per liter and gives the formula of the substance. 

There are other ways in which concentrations can be expressed using 
other units of mass and of volume. Thus the mass can be expressed in 
grains, ounces, pounds or tons and the volume in pints, quarts, gallons, 
or cubic feet. 

For the purposes of volumetric analysis none of the above methods of 
expressing concentration is entire!}^ satisfactory. If we say that 1 ml 
of HCl solution contains 0.4693 g of dissolved HCl, it is a rather diflS- 
cult problem in mental arithmetic to decide exactly how much NaOH 
or Na 2 C 03 it will neutralize. It involves the knowledge of the molecu- 
lar tveights of HCl, NaOH, and NaoCOs. We can carry out such a 
computation and find, for example, that 1 ml of the HCl solution will 

neutralize 0.4693 X == 0.5151 g of NaOH. This value expresses 

the concentration of the acid solution in terms of NaOH and is useful if 
the acid is to be used for the sole purpose of analyzing samples of 
NaOH. Another computation is necessary to find out the strength of 
the solution with respect to any other substance with which it will react. 

The most convenient method, how'ever, of expressing the concentra- 
tions of solutions for the purposes of volumetric analysis is with refer- 
ence to equivalent weights. 

Normal Solutions 

By a normal solution is imderstood one which contains 1 gram- 
equivalent of the active reagent dissolved in 1 1 of solution.* By gram- 
equivalent is meant the amount of substance equivalent to 1 gram-atom 
(1.008 g) of hydrogen. One miUiliter of a normal solution contains one 
milli-equivalent of active reagent. For convenience in computation the 
concentration of solutions used for volumetric purposes are expressed 
in terms of their normality; that is, a solution is 2 normal, 0.5 normal, 
0.1 normal, etc. The letter N is used as an abbre\nation for normal. 

The gram-equivalent, or weight required to make a liter of normal 
solution, depends upon the nature of the reaction involved. It often 
happens that the same solution has a certain normal concentration 
when used for one purpose and a different normal concentration when 

* It is important to note that a normal solution is not properly defined as one 
containing a gram-equivalent in 1 1 of solvent In volumetric analysis the unit 
is always referred to the volume of the solution. 

X 
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used for another purpose. The reagents used in volumetric analysis 
are acids, bases, oxidizing agents, reducing agents, and precipitants. 

The equivalent weight of an acid is determined by the number of re- 
placeable hydrogen atoms in the acid molecule. Thus, to make a normal 
solution of the monobasic hydrochloric, hydrobromic, hydriodic, nitric, or 
acetic acids, it is necessary to have a molecular weight in grams (1 mole) 
of the acid dissolved in a liter of solution. To make 1 liter of normal 
solution of the dibasic sulfuric acid only \ mole of the acid is necessary. 

Sometimes, however, it is not convenient to react with all the re- 
placeable hydrogen atoms of an acid. In fact some acids are so weak 
that they cannot be used in volumetric analysis. Carbonic acid, for 
example, has no appreciable effect upon methyl orange and only 1 of 
the 2 hydrogen atoms in H2CO3 is acid toward phenolphthalein. 

Phosphoric acid, H3PO4, really has 3 replaceable hydrogens, but 
only the first is acid toward methyl orange and 2 hydrogen atoms are 
acid toward phenolphthalein. In titrating with methyl orange, phos- 
phoric acid acts as a monobasic acid and the normal solution contains 
1 mole per liter. With phenolphthalein as an indicator, phosphoric 
acid acts as a dibasic acid and | mole per liter will make a normal solu- 
tion of phosphoric acid. 

A normal solution of a base will contain 1 mole of replaceable hy- 
droxyl. Thus of potassium hydroxide, KOH, sodium hydroxide, NaOH, 
and ammonium hydroxide, NH4OH, 1 mole per liter makes a normal 
solution. Of barium hydroxide, Ba(OH2), calcium hydroxide, Ca(OH)2, 
and strontium hydroxide, Sr (OH) 2, only | mole per liter is required. 
Magnesium hydroxide is not appreciably soluble in water, but it is 
convenient to use the conception of normal solution to determine how 
much will be dissolved by an acid solution of known strength. One 
liter of normal hydrochloric acid will dissolve J mole of Mg(OH)2. 

Salts of weak acids and strong bases have an alkaline reaction. With 
methyl orange as indicator, sodium carbonate, Na2C03, reacts with 2 
moles of hydrochloric acid; hence the equivalent weight is \ mole of 
sodium carbonate. With phenolphthalein, however, the end point is 
reached when 1 mole of sodium carbonate has reacted with 1 mole of 
hydrochloric acid; in this case the normal solution will contain 1 mole of 
sodium carbonate. Borax, Na2B507, reacts with 2 molecules of hydro- 
chloric acid when methyl orange is the indicator. If after this neutrali- 
zation considerable glycerol, OsH5(OH)3 or some mannitol, C6H8(OH)6, 
is added another molecule of hydrochloric acid is required for each atom 
of boron in order to make the solution neutral to phenolphthalein. 

The equivalent weight of an oxidizing agent is determined by the 
change in polarity which the reduced element experiences. The po- 
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larity of an element is the sum of the positive and negative valence 
bonds which it has in a compound; it represents the state of oxidation. 
Usually the polarity is the same as the valence except that a positive 
or negative sign is prefixed, but sometimes, as is true of the nitrogen 
atom of an ammonium salt, there is a difference. Nitrogen in the 
ammonium radical has a valence of 5 , but four of the bonds are nega- 
tive toward hydrogen atoms and the fifth bond is positive toward the 
acid ion of the ammonium salt. The polarity of nitrogen in an am- 
monium salt is —3 and it corresponds to the same state of oxidation 
as ammonia, NH 3 . 

When potassium permanganate is used as an oxidizing agent, the 
manganese drops to a lower polarity. In permanganate the polarity of 
the manganese atom is +7, and in most reactions used in volumetric 
analysis, the manganese is reduced to manganous salt in which the 
manganese has a polarity of + 2 : 

Mn 04 ’ + 5 Fe++ + 8 H- + 5 Fe+^ + 4 H 2 O 

2 Mn04" + 10 r + 16 H+ ^ 2 Mn--^ + 5 I 2 + 8 HoO 

A normal solution of potassium permanganate, therefore, will contain 
4 mole of KMn 04 because the atom of manganese loses 5 positive 
charges in changing from a polarity of +7 to +2. 

Sometimes, however, the manganese of potassium permanganate is 
reduced only to the quadrivalent state. Thus a hot, nearly neutral 
solution of a manganous salt can be made to react with permanganate as 
follows: 

2 MnOU + 3 Mn-^ + 2 H 2 O -> 5 MnOa -f 4H+ 

In this case the manganese atom in permanganate only loses 3 charges 
and a normal solution of permanganate wiU contain only | mole of the 
reagent. Usually permanganate is standardized by a reaction in which 
it is reduced to manganous salt. Throughout this hook, therefore, a 
normal solution of permanganate will refer to one containing -l- mole of 
KMuOa per liter. 

Potassium dichromate is often used as an oxidizing agent. In it 
each chromium atom has a polarity of +6 and by reduction 2 trivalent 
chromic ions are formed. There is a loss in polarity of 3 charges for 
each chromium atom, and a normal solution of potassium dichromate, 
K 2 Cr 207 , will contain 4 mole.* 

* The valence of an ion containing more than one element is the algebraic sum of 
the polarities of its constituents. Except in peroxides, oxygen has a polarity of —2 
in its compounds. The polarity of the chromium can be determined from the charge 
of the ion and that of the oxygen. The same is true of the permanganate ion or of 
any other complex ion. 
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CraO-" + 3 Sn++ + 14 H+ 

Cr207" + 3 H2S + 8 H”*" — > 2 Cr+++ -f 3 s + 7 H2O 


7H2O 

+ 3 I2 + 7 H2O 

2 Cr+++ + 3 Sn++-H- + 7 jj^q 


A solution of a ferric salt Is sometimes used as a mUd oxidizing agent Thu, ;+ 
will oxidize the iodide anion ' ’ 

2 Fe+++ + 21“ = 2 Fe++ + L 

In this case, the oxidation depends upon the reduction of the ferric ion to the ferro,., 
conation, and the equivalent weight of a ferric salt is the molecular weight diJded 
by the number of Fe atoms in the molecule of the ferric salt 
Recently solutions of ceric salts have been highly recommended for replacin.^ 
potassium dichromate and potassium permanganate in titrations. The oidS 
effect of the quadrivalent cerium cation depends on the reduction of the cerium to 
the trivalent condition. The ceric cation, Ce++++, is reduced to Ce+++ nearly as 
easily as MnO, is reduced to Mn-^+. Ceric solutions axe more stable th^n L? 
manganate solutions, but the end point in a titration is not so easy to find UsuSiv 
It IS best to determine the end point potentiometricaUy or w-ith the aid of a 2 

ored substance that changes color when oxidized, such as diphenylamine or di 
phenylamine sulfonic acid. ur ai- 

• -f- Fe++ = Ce+++ + Fe+++ 

The eqmvaleat weight of a reducing agent is determined in like man- 
ner by the gam in polarity which the oxidized element experiences. 
Ferrous salts are oxidized to ferric salts and the iron is changed from 4-2 
to 4-3 in polarity. A normal solution of ferrous sulfate, FeS04-7H20 
or of ferrous ammonium sulfate, FeS04-(NH4)2S04-6H20, will contain 
1 mole of either salt per liter. 

As precipitants, the normal solutions are referred to the simplest 
type of salt m which each constituent has a valence of 1. Thus of 
sodmm chlonde, NaCl, and of silver nitrate, AgNOs, a normal solu- 

N"^S04, barium 

chlonde BaCl2, and magnesium sulfate, MgS04, a normal solution wiU 
contam i mole per liter. 

reftion diehromate is used as a precipitant in the following 

Cr207 4- 2 Ba++ -}- 2 C2H302~ 4- H2O 2 BaCr04 4- 2 HC2H3O2 
the normal solution wiU contain J mole per liter. 

sometimes as acids and 
sometimes as reducing agents. Oxalic acid, H2C2O4, has 2 replaceable 
ydrogens when titrated agamst alkali with phenolphthalein as in- 
ator, and its normal solution as an acid contains § mole per Uter: 

H2C2O4 4- 2 NaOH Na2C204 4- 2 H2O 
or 2 H+ 4- 2 OF 
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Oxalic acid also reacts with permanganate in accordance with the 
following equation: 

5 C204= + 2 Mn04' + 16 2 Mn^ + 8 HoO + 10 CO. 

From the fact that the normal solution of permanganate contains l 
mole per liter, it is clear that the equivalent weight of oxalic acid 
as a reducing agent is | mole, just as when acting as an acid. In this 
case, however, the reducing power has nothing whatever to do with the 
hydrogen-ion content of oxalic acid, for the above reaction takes place 
in the presence of a mineral acid. The valence of carbon in oxalic 
acid is 4 and the structural symbol, leading out the water of crystal- 
lization, is written thus: 

0 = c - 0 - H 

! 

0 - C - 0 - H 

This structural s;ymbol show^s that 3 valence bonds of each carbon 
atom are positive toward 2 atoms of ox^^gen but, on the assumption that 
one end of each valence bond is positive and the other negative, 1 
bond of a carbon atom is positive tow^ard another atom of carbon. The 
polarity of 1 carbon atom is, therefore, +4, wMe that of the other 
carbon atom is + 2 . When oxalic acid is heated, HoO, CO, and CO2 are 
formed, w^hich agrees with this assumption. The average polarity of 
the carbon in oxalic acid is +3. 

The fact that the equivalent of C2O4 is | mole is also shown by the 
fact that the oxidation can be expressed by the equation 

CsOr" - 26 = 2 CO 2 


the Greek letter e being used to represent the charge of the electron. 
Potassium acid oxalate, KHC2O4, can be used as an acid 

KHC2O4 + KOH ^ K2C2O4 + H2O 

in which case the equivalent weight is 1 mole of KHC2O4, but as a 
reducing agent the reducing power is due to the oxalate group and a 
normal solution will contain only § mole of KHC2O4. A solution of 
KHC2O4 which is^ normal as an acid will be 2 N as a reducing agent. 

Potassium tetroxalate behaves similarly. As an acid it has 3 re- 
placeable hydrogens and the equivalent weight is J mole: 

EIIC204-H2C204-2H20 + 3 NaOH ^ K:NaC204 + Na2C204 + 5 H2O 

As a reducing agent, potassium tetroxalate has two 0264 "^ groups and 
the equivalent weight is J mole. If a solution of potassium tetroxalate 
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contains 1 mole per liter, it is SiV as an acid and 4iV as a reducing 
agent, and the same relation holds at all concentrations. 

Preparation of Normal Solutions 

The requii’ed amount of substance should be dissolved in water 
and diluted to a volume of 1 1 at 20°. Often, however, the water is 
not at the normal temperature, so that it is customary to dissolve the 
substance in water at the laboratory temperature and then dilute the 
solution up to the mark in a liter flask. After thoroughly mixing 
the solution, its temperature is taken by a sensitive thermometer. If 
the temperature is above 20°, the volume of the solution would be less 
than 1 1 if it were cooled to exactly 20°, so that the solution as made 
up is a little too strong. The following table shows how to correct 
for the temperature effect: 


TEMPERATURE CORRECTION FOR VOLIBIETRIC SOLUTIONS 


Temp, of 
measure- 
ment, “C • 


Capacity of apparatus in milliliters at 20' 

“C 


2000 

1000 

500 

400 

300 

250 

150 

Correction, in milliliters to give volume of water at 20® C 

15 

-{-1.54 

-fO.77 

+0.38 

+0.31 

+0.23 

+0.19 

+0.12 

16 

+1.28 

+0.64 

+0.32 

+0.26 

+0.19 

+0.16 

+0.10 

17 

-1-0.99 

+0.50 

+0.25 

+0.20 

+0.15 

+0.12 

+0.07 

18 

-f-0 . 68 

+0.34 

+0.17 

+0.14 

+0.10 

+0.08 

+0.05 

19 

-{-0.35 

+0.18 

+0.09 

+0.07 

+0.05 

+0.04 

+0.03 

21 

-0.37 

-0.18 

-0.09 

-0.07 

-0.06 

-0.05 

-0.03 

22 

-0.77 

-0.38 

-0.19 

-0.15 

-0.12 

-0.10 

-0.06 

23 

-1.18 

-0.59 

-0.30 

-0.24 

-0.18 

-0.15 

-0.09 

24 

-1.61 

-0.81 

-0.40 

-0.32 

-0.24 

-0.20 

-0.12 

25 

-2.07 

-1.03 

-0.52 

-0.41 

-0.31 1 

-0.26 

-0.15 

26 

-2.54 

-1.27 

-0.64 

-0.51 

-0.38 

-0.32 

-0.19 

27 

-3.03 

-1.52 

-0.76 

-0.51 

-0.46 1 

-0.38 

-0.23 

28 

-3.55 

-1.77 

-0.89 

-0.71 

-0.53 ! 

-0.44 

-0.27 

29 

-4.08 

-2.04 

-1.02 

-0.82 1 

-0.61 

-0.51 

-0.31 

30 

-4.62 

-2.31 

-1.16 

-0.92 1 

“0.09 

-0.58 

-0.35 


[This table gives the correction to various observed volumes of water, measured 
at the designated temperatures, to give the volume at the standard temperature, 
20° C. Conversely, by subtracting the corrections from the volume desired at 
20° C, the volume that must be measured out at the designated temperature in 
order to give the desired volume at 20° C will be obtained. It is assumed that the 
volumes are measured in glass apparatus having a coefficient of cubical expansion 
of 0.000025 per degree centigrade. The table is applicable to dilute aqueous solu- 
tions having the same coefficient of expansion as water.] 
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For tlie following standard solutions more accurate results will be 
obtained if the numerical values of the above corrections are increased 
by the percentages given below: 


Solution 

Xormalitj' 


.V 

V.2 

.V/10 

HNOs 

50 

25 

6 

H.SO 4 

45 

25 

5 

NaOH 

40 

25 

5 

KOH 

40 

20 

4 

HCl 

25 

15 

3 

H.CD 4 

30 

15 

3 

NaoCOs i 

40 

25 

5 


Standardization of Solutions 

If the reagent to be used in a volumetric analysis is known to be pure, 
it is best to prepare the standard solution as outlined on p. 472, Fre- 
quently, however, it is better to determine the concentration by testing 
the strength of the solution against some other substance known to be 
pure. Thus the strength of an acid solution can be determined by 
weighing out some carefully purified sodium carbonate and determining 
exactly how much of the acid solution is required to neutralize this weight 
of pure sodium carbonate. In this case the acid solution is said to be 
standardized against sodium carbonate and sodium carbonate is called 
the standard substance. Evidently if the acid is a normal solution, each 
milliliter of solution will neutralize exactly 1 milli-equivalent of the 
standard. The normal solution not only contains 1 milli-equivalent of 
the active reagent in 1 ml but it will react with 1 milli-equivalent of 
other substances. In any standardization, therefore, if is the weight 
of standard taken, ml is the number of milliliters of solution required 
to react with this weight of standard, and e is the milli-equivalent 
weight of the standard used, then the normality of the solution (or the 

number of milli-equivalents in 1 ml) is ^ == N. Usually this is 

sufficient because the weight of substance that reacts with 1 ml of the 
standardized solution can be found by multiplying the milli-equivalent 
weight of the substance analyzed by the value N. Sometimes, however, 
it is better to make the solution exactly normal, half-normal, or tenth- 
normal. To do this it is best to prepare the solution a little stronger 
than desired and then dilute it with water until the desired concentra- 
tion is obtained. Then if iNf is the normal concentration originally 
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obtained, N' is the desired normality, Y is the original volume taken 
and F' is the volume after dilution, N X V = X V' and V' = 

F' — F is then the volume of water to be added to the 

volume F. 

In volumetric work it is often desirable to have two solutions of 
reagents, one having the opposite effect to the other. Thus in work- 
ing with an acid, sometimes too much is added and it is convenient to 
have a standardized solution of a base at hand to neutralize the excess 
acid. It is not necessary to standardize the second solution inde- 
pendently but it is important to know the relative strengths of the two 
solutions. 

If a milliliters of solution A are equal in strength to h milliliters of 

solution B, then 1 ml of A. = - milliliters of B and 1 ml of B = ^milli- 
' a b 

liters of A. If solution A is iV-normal, then solution B is nor- 

mal If, on the other hand, the solution A is known to be iV-normal 
and solution B is known to be ikf-normal, then the relative strengths are 

N 

1 ml of solution ^ niilllliters of solution B 
M 

1 ml of solution ^ milliliters of solution A 


General Method of Computing Results 

Let ml represent the volume in milliliters of iV-normal solution re- 
quired to react with s grams of a substance of which the milli-equivalent 
weight is e, 


then 


mix N XeXlOO 

s 


= per cent 


In the analysis of sodium carbonate, molecular weight 106.0, completely 
neutralized by hydrochloric acid, the value of e is 0.0530 and the result 
obtained by the above formula will be the percentage of Na 2 C 03 in the 
sample analyzed. If it is desired to express the result in terms of Na20, 
molecular weight 62.0, the value of e is 0.0310. Or it may be desired to 
find the percentage of CO 2 in the sample on the assumption that nothing 
else but N’a 2 C 03 is present that will react with the acid used. In this 
case the value of e is 0.022. In using the above formula, therefore, it is 
necessary to bear in mind that the value of the milli-equivalent should 
be in terms of the substance desired. 
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Sometimes, it is desirable to avoid computations in teclmicai work 
and it is convenient to weigh out a sample such that the buret reading 
will give the percentage desired. This will be always the case if the 
weight of sample is 100 X N X e, as inspection of the above equation 
will show. Or, if the weight of sample is 50 X N X e, then the de- 
sired percentage will be found by multiplying the ml used by 2. 

SUBDmSIOXS OF YoLOIETRIC ijVALYSIS 

I. Acidimetry and Alkalimetry. 

11. Oxidation and PLeduction Processes. 

III. Precipitation Processes. 

I. ACIDIAIETRY AND ALKALIMETRY 

This covers the analysis of acids and bases. In order to determine 
the amount of acid present, an alkaline solution of known strength is 
required; and conversely, in the analysis of a base, an acid solution is 
required. In both cases the “ end point of the reaction is determined 
with the help of a suitable indicator. The accuracy of the result de- 
pends largely upon the choice of the indicator, so that at this place a 
few words will be said with regard to the indicators most frequently 
used for detecting the presence of acids or alkalies. 

The useful reactions of analytical chemistry are those which take place 
practically completely in a given direction. Such reactions are those in 
which a slightly ionized substance is formed, an insoluble precipitate is 
obtained, a gas is evolved, or there is an oxidation of one substance at 
the expense of another. The law of chemical mass action applied to a 
reaction of the type A + B C + D tells us that a reaction may be 
expected to go to completion if one of the products, either C or D, is 
removed as fast as it is formed and this is the case when the substance is 
not ionized, is insoluble, or is a gas. The reason that the reaction 
NaOH + HCl = NaCl + H 2 O takes place in dilute solutions is that 
water is ionized but slightly and, from the standpoint of the electrolytic 
dissociation theory, the reaction of neutralization is really 

H+ + OH" = H 2 O 

This is shown by the fact that the heat evolved by the reaction in dilute 
solution is practically the same irrespective of the nature of the ions that 
were originally combined with the H+ and OH“ provided the original 
acid and base are both ionized almost completely. 

The mass-action law, applied to the ionization of water, teUs us that a 
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state of equiiibriiim ' exists when 


= a constant 


In these mass-action expressions, a symbol written inside a bracket 
signifies a concentration expressed in moles per liter. In the case of 
water, the concentration of the non-ionized H 2 O is not changed appreci- 
ably as a result of ionization at room temperatures, and its concentration 
is enormous compared to the concentration of its ions; the above expres- 
sion can be simplified, therefore, by saying [H+] X [OH'] == = 

1.2 X 10"^*^ at 25°. This expression is of fundamental importance. It 
states that in any aqueous solution the concentration of hydrogen ions 
(expressed in moles per liter) multiplied by the concentration of the 
hydroxyl ions present (also expressed in moles per Hter) always equals 
1.2 X 10~^^ at 25°.* Since 1 mole of and 1 mole of OH' are formed 
from each mole of ionized water, it is evident that, in absolutely neutral 
water, the concentration of each of these ions is 1.1 X 10”^ 

Very small numbers, such as 0.000 000 12, are conveniently written as 
a number between 0 and 10 multiplied by 10 raised to the appropriate 
negative power. An accurate method for determining the hydrogen- 
ion concentration of a solution is to measure the electromotive force of a 
so-called hydrogen electrode when immersed in the solution. If 
the electromotive force of this electrode in a normal solution of H+ is 
taken as an arbitrary zero, then the concentration of a given solution can 


be found by the expression = 0.058 log in which Eis- represents 

the electromotive force, or electrode-potential, of the hydrogen electrode 
at 18°. The observed potential of the hydrogen electrode therefore is 


directly proportional to log Sorensen proposed that this value 

be called the hydrogen exponent with the designation pn. This pro- 
posal met with general approval and is used not only in science but 
also in chemical industries, because many chemical processes are sensi- 
tive to changes in acidity or alkalinity and it is easier to state that a 
certain reaction takes place to the best advantage at, say, pn = 12 


* The ionization constant of water, Kw, varies from 0.12 X 10"^^ at 0° to 73 X 10“^^ 
at 100° C. 

t The hydrogen electrode is obtained by coating a platinum or gold wire with 
platinum black and dipping it into a solution which is kept saturated with pure 
hydrogen gas. The gas usually enters the solution through a tube containing the 
electrode. 
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than to sa}" that the solution should have a hydrogen-ion concentration 
of 10“^- nioie per liter. 

Since in any solution [H^] X [OH"] = 1.2 X 10“^^ it is clear that the 
concentration of the OH~ is known as soon as the concentration of the 
is stated. The same is true of the pH and poH values; the latter 

signifies the log when [OH"] represents the concentration of 

hydroxyl ions in moles per liter. In all cases pn + Poh = 14 at 25°. 

A perfectly neutral solution has a pH value of 7. If the pn value is 
smaller than 7, the solution can be said to be more acid than pure water, 
and if it is larger than 7 it is more basic. Another way of expressing 
this is to say that a solution is acidic if it contains more hydrogen ions 
per unit volume than are present in pure water and basic if it contains 
less hydrogen ions. It is well known that acids and bases vary greatly 
with respect to their ionization in aqueous solutions. The relative 
strengths is shown by a comparison of the ionization constants.* 

When a strong acid, like hydrochloric acid, is neutralized with a 
strong base, such as sodium hydroxide, the reaction takes place practi- 
cally completely as soon as exactly one equivalent of the base has been 
added. There is no appreciable hydrolysis of the salt formed, and the 
end point takes place at pn = 7. It is a different matter when a weak 
acid like acetic acid is neutralized with sodium hydroxide. In this case 
the sodium acetate as it is formed tends to repress the ionization of the 
unneutralized acid, and when, finally, a quantity of base equivalent to 


* The mass-action law applied to the ionization of a weak acid takes the general form 
l-ry. - F- • — k in which k is called the ionization coiistant. Dibasic and tribasic 
acids are usually ionized to different degrees with respect to each replaceable hydro- 
gen atom. The primary ionization constant of H3PO4 is ~ j-g ~ "" 


1.1 X 10 the secondary ionization constant is 2.0 X 10 b 

[H+] [POr 


and the tertiary ionization constant is 


[HPO4 


3.6 X 10-13, 


The value 3.6 X 10 for the tertiary ionization of phosphoric acid shows that the 
presence of a considerable quantity of HPO4” in an aqueous solution does not increase 
very much the concentration of the hydrogen ions present over the quantity furnished 
as a result of the ionization of water itself. 

The mass-action law applied to the ionization of a strong acid or of a strong hose 
does not give a useful value because if the ionization is practically complete, the 
value of the ionization constant approaches oc. In comparing the ionization con- 
stants, therefore, it is customary to call that of the strong acids and 'bases [1] and 
the number is enclosed in brackets to show that it is not obtained by a rigid appli- 
cation of the mass-action law. 
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the original acetic acid has been added, the pn of the solution will be 
distinctly higher than 7. In the same way, when sodium acetate is dis- 
solved in w’-ater, the solution w’dl show ph >7. If a weak base like 
NH4OH is neutralized with a strong acid like hydrochloric acid, the 
final solution will show’ a pn distinctly less than 7. 

The following curves obtained by measurement of the single potential 
of a hydrogen electrode during a titration will illustrate these points. 
The curve for the titration of the hydrochloric acid with sodium hydrox- 
ide shows a marked change produced by a very little base when the end 
point is reached. This may be takei\,as the half-way point of the nearly 
vertical line and corresponds almost exactly to pn = 7. The curve for 
the titration of the acetic acid shows a distinct rise in pn long before the 
end point is reached, and the half-way point of the nearly vertical line is 
at a ph > 7. The third curve shows an indistinct end point, although 
the solution is neutral with pn = 7 when an equivalent of base has been 
added. The indistinct end point is due to the fact that the ionization of 
both acid and the base is slight in the presence of their neutral salt; as a 
result, ammonium acetate is hydrolyzed appreciably in aqueous solution. 



Titration of 0.1 iV HCl Titration of 0.1 iV HC2H3O2 Titration of 0.1 N HC2H3O2 
with 0.1 N NaOH with 0.1 N NaOH with 0.1 N NH4OH 

From what has just been said four conclusions can be drawn: (1) the 
end point of a titration of an acid with a base does not always coincide 
with pH = 7 ; (2) a good end point cannot be obtained if both the acid 
and the base are weak; (3) when a weak acid is titrated with a strong 
base, the end point occurs at pn > 7; and (4) when a weak base is 
titrated with a strong acid the end point occurs at pn < 7. 

Indicators 

The indicators used in acidimetry and alkalimetry are dyestuffs 
which are of one color in acid solutions and another color in basic solu- 
tions. They are, as a rule, weak acids; though some of them are weak 
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bases. It has been found that in organic compounds the color can 
usually be traced to a particular arrangement of atoms called a chro- 
mo-pJior, The change in color, therefore, is caused by a slight rear- 
rangement of the atoms in the molecule. Thus, if the salt of an in- 
dicator acid is yellow and on treatment with acid it turns red, this is 
due to the fact that, when the indicator acid is liberated by the action 
of the stronger acid, the molecule undergoes a slight change in the 
way the atoms are hnked together and thereby loses temporarily the 
ability to ionize as an acid. It is not sufficient, however, to assume that 
this change of color is caused solely by the fact that the ions have a color 
other than that of the undissociated molecule; on the contrary, it has 
been shown in certain cases that the ions have the same color that the 
undissociated molecule has before the rearrangement of the atoms in the 
molecule has taken place. On the other hand, as regards the proper 
use of indicators it is necessary simply to bear in mind how salts of weak 
acids behave in the presence of stronger acids and how the acids them- 
selves behave in the presence of alkali. 

By means of electrometric tests it is possible to determine the 
hydrogen-ion concentration at which any indicator changes color. In- 
dicators are known which change at different concentrations of hydro- 
gen ion, and for any special case an indicator should be chosen which 
wiU change color as nearly as possible at the hydrogen-ion concentra- 
tion corresponding to the saturation point of the acid and base used 
in the analysis. 

As a result of comparisons between colorimetric and electrometric 
methods for the determination of hydrogen-ion concentrations in solu- 
tions of interest to biologists, Clark and Lubs* suggested the use of 
the following indicators: 


Chemical Name 

Common Name 

j Color Change 

Pjj Range 

Thymolsulfon- 

phthalein 

Tetrabromophenol- 

Thj'mol blue 

1 Red-yellow 

1.2-2.8 

Bromophenol blue 

Yellow-blue 

3.0-4.6 

sulfonphthalein 

o-Carboxybenzene- 

Methyl red 

Red-yellow- 

44-6.0 

az odimet hylaniline 
Dibromo-o-cresol- 

Bromocresol purple 

Yellow-purple 

5.2-6.8 

sulfonphthalein 



Dibromothymolsul- j 

Bromothymol blue 

Yellow-blue 

6.0-7.6 

fonplithalein 

Phenolsulfonphthalein 

Phenol red 

Yellow-red 

6.8-8.4 

o-Cresolsulfonphthalein | 

Cresol red 

Yellow-red 

7.2-8.8 

Thymols ulf onpbthalein 
o-Cresolphthalein 1 

Thymol blue 
Cresolphthalein 

Yellow^'-blue 

Colorless-red 

S.0-9.6 

8.2-9.8 


* J. Bacteriol, 2 , 1, 109, 191 (1917); cf. The Determination of Hydrogen Ions, 
by W. M. Clark. 
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To prepare suitable indicator solutions, triturate 0.1 g of each of the above 
powders, excepting methyl red and o-cresolphthalein, with an equivalent quantit}^ 
of O.Oo N solution of sodium hydroxide. Dilute with water to 500 ml in the case of 
cresol red and phenol red and to 250 ml in the case of thymol blue, bromothymol 
blue, bromophenol blue, and bromocresol purple. With methyl red, dissolve 0.5 g 
in 300 mi of alcohol and dilute with wmter to 500 ml. With o-cresolphthalein, 
dissolve 0.1 g in 500 ml of 95 per cent alcohol. 

The indicators most used in quantitative analysis are methyl orange, 
methyl red, and phenolphthalein. 

1 , Methyl Orange 

Under methyl orange,* Lunge, f who first proposed the use of this 
indicator, understood either the free sulfonic acid of dimethyl-amino- 
azo-benzene or its sodium or ammonium salt. 

In the free state, the sulfonic acid is obtained in the form- of red- 
dish violet scales, soluble in considerable water. If some of the sohd 
is dissolved in as little water as possible, a distinct reddish orange 
colored solution is obtained; but on the further addition of water this 
color gradually changes to yellow. If a trace of an acid is added to the 
yellow solution, it becomes red again, and on further dilution with 
water the color changes to orange and finally to yellow once more, if 
too much acid was not added. The color change which takes place 
between pn = 2. 9-4.0 can be easily explained. 

In the sensitive neutral solution there is a condition of equilibrium 
between two isomeric forms of methyl orange as expressed by the 
equation: 

HSOs • C 6 H 4 • N:N • C6H4N(CH3)2^S03 • C 6 H 4 • NH • N:C6H4:N(CH3)2 

The formula on the left represents the yellow substance and the color 
is due to the azo group N : N, whereas the formula on the right repre- 
sents the red substance which has for its chromophor the quinoid group 
: C 6 H 4 :. The formula on the left has a sulfonic group which imparts 
acid properties to the molecule and at the other end is an ]Sr(CH 3)2 
group which has weakly basic properties. The formula on the right, 
therefore, represents an inner salt inasmuch as the acid and base form- 
ing groups are united. 

The sodium salt of methyl orange is yeUow and has the formula 
NaSOs • C 6 H 4 N : NC 6 H 4 N(CH 3)2 

* This dyestuff is known commercially as helianthin, orange III, tropaolin D, 
Poirrier^s orange III, dimethylaniline orange, mandarine orange, and gold orange. 

t Berichte, 1878 , II, 1944; Chem. Industrie, 1881 , 348; Handhuch fur Sodain- 
dustrie, I, 52 (1879); II, 151 (1893), 
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and when decomposed by acids the free sulfonate at once reverts to 
the red form:* 


SO3 • CgH4 • XH • X : : N(CH3)2 


Alethyl orange is an excellent indicator for weak bases, but cannot 
be used for the titration of weak acids. 

If it is desired to titrate a solution containing sodium hydroxide with 
a tenth-normal acid, add a little methyl orange to the alkaline solu- 
tion and titrate with acid until the solution is colored a distinct red. 
The latter color will not appear permanently until an excess of the 
acid has been added. This causes a slight error in the analysis w^hich 
is greater in proportion to the amount of indicator employed, and the 
more dilute the solution. 

From what has been said the followdng rule holds: 

In any titration a small amount of indicator should be used, and 
inasmuch as the change of color is proportional to the concentration 
and not to the absolute amount of acid present, the analyzed solution 
should have as nearly as possible the same concentration as was the 
case in the standardization of the solution added. 

If a normal acid is used for the titration, the change of color is very 
sharp when the volume of the solution titrated amount-s to about 100 ml. 
Even with a fifth-normal solution the change of color is very distinct, 
but less so with tenth-normal solutions; but these can be titrated 
provided the standardization was made at the same dilution as that used 
in the analysis. 

How is it with the end point in the titration of an acid with an alkali 
hydroxide solution? 

If a few drops of methyl orange are added to 100 ml of water, the 
water will be colored distinctly yellow. If the solution contains the 
same amount of hydrochloric acid as is contained in 10 mi of a tenth- 
normal solution of this acid, the solution will be colored a deep red. 
In order that the solution shall assume its original yellow color, it is 
only necessary to add exactly 10 ml of 0.1 lY alkali hydroxide solution, 
but no excess of alkali, because the water is itself sufficient to decompose 
the dyestuff sufficiently to produce the yellow color. 

It is evident, then, that it is not a matter of indifference in the analy- 
sis whether the titration is completed by the addition of acid or by the 
addition of alkali. In the former case, for the titration of T milliliters of 
0.1 N alkali solution, T + t milliliters of 0.1 Y acid would be necessary. 

Methyl orange is more sensitive toward alkali than it is toward acid, 

* Cf. Stieglitz, J. Am. Chem. Soc.^ 26, 1117. 



488 


VOLUMETRIC ANALYSIS 


but many prefer to finish the titration by the addition of acid, for most 
eyes can detect the change from yellow to red with greater accuracy. 
In principle it is more accurate to accompHsh the titration the other 
way, as was recommended by F. Glaser. 

Preparation of Methyl-orange Solution. — Dissolve 0.10 g of sohd 
methyl orange* in 100 mi of hot water, allow to cool, and filter ofi 
any deposited meta-sulfonic acid. Use 1 drop for each 100 mi of 
solution. 

__ Methyl orange is suitable for the titration of strong acids 
(HCl, HNOs, H2SO4) as well as phosphoric and suifurous acids. Hy- 
drochloric and nitric acids can be titrated with this indicator with a 
sharper end point than sulfuric acid. If free phosphoric acid is titrated 
with sodium hydroxide using this indicator, the solution changes from red 
to yellow when one-third of the phosphoric acid has been neutralized: 

H3PO4 + NaOH = NaH2P04 + H2O 

The primary phosphates are neutral toward methyl orange; the 
secondary and tertiary phosphates react alkaline toward it. With 
half-normal solutions, the end point of the reaction is fairly sharp, 
with tenth-normal solutions it is less so; in the latter case an excess of 
about 0.3 ml of the tenth-normal alkali is necessary to cause the change 
from red to yellow. 

Suifurous Acid. — In titrating suifurous acid with sodium hydroxide, 
the yellow color is obtained when half the acid has been neutralized 

H2SO3 + NaOH = NaHSOs + H2O 

so that NaHSOs is neutral toward this indicator. 

The weak acids HCN, H2CO3, H2S, H3ASO3, H3BO3 and HCr04 when 
present in moderate quantities do not act upon the indicator. CO2 
and H2S produce an orange-red coloration only. when present in large 
amounts. For this reason dilute solutions of the alkali salts of these 
acids can be titrated with accuracy by means of this indicator. 

Organic acids cannot be titrated with methyl orange. 

The strong and weak bases NaOH, KOH, NH4OH, Ca(OH)2, Sr (OH) 2, 
Ba(OH)2, and Mg(OH)2 can be titrated with great accuracy by means 
of this indicator, and the same is true of the amine bases (methyl and 
ethyl amines, etc.); on the other hand, such weak bases as pjrridine, 
aniline, and toluidine cannot be titrated. 

Nitrous acid ordinarily cannot be titrated with, this indicator because 
the acid destroys it. If, however, an excess of alkali is first added to 

* Of the sodium salt dissolve 0.11 g in 100 ml of water, add 3.35 ml 0.1 A HCl, 
and after the solution has stood for some time filter off any deposited crystals. 
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the solution of nitrous acid, then the methyl orange^ the titration can 
be aeconiplislied with accuracy. 


2, Methyl Red 

(CH3)2N - C6H4 ~ X = X - C6H4 - COOH 
PaTa-dimethyl-aminoazo-benzene-o-carhoxylic acid 

This valuable indicator is suitable for titrating weak organic bases 
and ammonia. The aqueous solution of methyl red is orange, but if 
a few drops are added to 50-100 ml of water, the water is colored a pale 
yellow. The addition of a drop of 0.1. Y HCl at once turns the liquid 
a \doiet-red without passing through any intermediate shade, and 
by the addition of a drop of ammonia the solution becomes nearly 
colorless again. Alethyl red is not very sensitive toward carbonic 
acid, but more so than is methyl orange, so that it is less suitable for 
the titration of carbonates. The chief advantage of this indicator 
lies in the sharp color change from a very pale yellow to a violet-red, 
even in titrating ammonia. The color change is at pn = 4.4~6.0. 

Preparation of the Indicator. — Dissolve 0.10 g of the free acid in 
60 ml of ethyl alcohol and dilute with 40 ml of w^ater. Allow the solu- 
tion to cool, and then filter. Add 2 drops of this solution to every 100 
ml of the solution to be titrated. 

3. Phenolphthalein 

Phenolphthalein is a very weak acid forming red salts which contain 
the strongly chromophoric quinoid group: The free acid, how- 

ever, is unstable and when set free from one of its colored salts reverts 
instantly into a colorless lactoid form, containing no chromophor group: 

HOOC • C6H4 • C(C6H40H) : C6H4 : 0 ^ 0 • OC • C6H4 • C(C6H40H)2 


In the free acid, therefore, the condition of equilibrium favors the 
lactoid form and only minimal traces of the quinoid acid are present. 
This trace of quinoid acid is ionized and is in equilibrium wdth its ions: 

HOOC • C6H4 • C(C6H40H) : C6H4 : 0 

^ + OOC • C6H4 • C(C6H40H) : C6H4 : 0“* 

The addition of an alkali causes the hydrogen ions to disappear, so 
that more of the quinoid molecules must be ionized to preserve equilib- 
rium, and the quinoid molecules in turn are reproduced from the lactoid 
as fast as the former are. converted into the salt. Phenolphthalein is 
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a very sensitive indicator towards acids, but on account of being a 
very weak acid it does not form stable salts with weak bases. 

Preparation of the Indicator. — Dissolve 1 g of pure phenolphthaiein 
in 100 ml of 90 per cent alcohol. Use 1 drop for each 100 ml of solution. 

Uses. — Phenolphthaiein is particularly suited for the titration of or- 
ganic and inorganic acids and strong bases, but not for the titration of 
ammonia. 

If the red-colored solution containing phenolphthaiein and a little 
is treated with an excess of concentrated alkali hydroxide solution, 
the red color disappears at pn = 8.3-10 but returns on diluting the solu- 
tion with water. Phenolphthaiein, therefore, cannot be used as an in- 
dicator for the titration of concentrated alkali without previous dilution 
with water. 

Phenolphthaiein is a sensitive indicator toward acids, far more sensi- 
tive than methyl orange, for not only can the presence of weak acids be 
detected, but very small amounts can be titrated with accuracy. 

Ordinary distilled water usually contains carbon dioxide, as can be 
shown by slowly adding 0.1 iV barium hydroxide solution, drop by drop, 
to 100 ml of water containing a drop of the indicator solution. Where 
the alkali first meets the water, a red color is produced which disappears 
on stirring, so that often as much as 0.5 to 1.8 mi of the alkali must be 
added before a permanent red color is obtained. The disappearance of 
the red shows the presence of acid (in this case carbonic acid), and its 
amount corresponds to the alkali neutralized. 

Phosphoric Acid. — If a solution of phosphoric acid containing phenol- 
phthaiein is titrated with normal sodium hydroxide solution, a per- 
manent coloration is produced when two-thirds of the phosphoric acid is 
neutrahzed: 

H3PO4 + 2 OH~ HP04= + 2 H2O 

Apparently Na 2 HP 04 reacts neutral toward phenolphthaiein, but this 
is not quite correct, for a pure solution of disodium phosphate is colored 
by phenolphthaiein a pale pink, and on diluting with water the intensity 
of the color increases owing to progressive hydrolysis: 

HP04== + H2O ^ OH" + H2PO4" 

During the titration of phosphoric acid with sodium hydroxide, a 
pale-pink color is obtained somewhat too soon, and this color gradually 
increases in intensity until fimaUy a maximum is reached; this is takeii 
as the end point. It is possible that this hydrolysis could be prevented 
by the addition of a large excess of sodium chloride and cooling to about 
0°C. 
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Carhordc Acid, — If the solution of a neutral alkali carbonaie is 
treated with plienoipbthaleia a red color is obtained, showing the pres- 
ence of hydroxyl ions in the solution, due to hj'drolysis : 

COr -f HoO OH' + HCO3" 

If hydrochloric acid is added to such a solution wliich is not too dilute 
and is at a temperature of 0^, decolorization is effected when the alkali 
carbonate* is changed to bicarbonate. At ordinary temperatures a 
sharp end point cannot be obtained; the color gradually fades. Pure 
sodium bicarbonate dissolved in ice-cold w’-ater is not colored by the 
addition of phenolphthalein: if it is warmed to the temperature of the 
room it turns red, but on cooling the color disappears (Ktister). 

Silicic acid seems to be without influence upon phenolphthalein, for 
alkali silicates (the water-glasses) can be titrated with accuracy. 

Chromic acid and acid chromates are changed by the addition of alkali 
to neutral chromates, w^hich have no action upon phenolphthalein. 

Alkali aluminates can be titrated accurately with this indicator, for 
aluminum hydroxide does not affect it. 

4. Lacmoid, or Resorcin Blue, 

Lacmoid is prepared by heating resorcinol with sodium nitrite at not 
too high a temperature. The constitution of the dye has not been com- 
pletely established. Pure lacmoid is soluble in water (the impure prod- 
uct is difficultly soluble), but more soluble in alcohol, glacial acetic acid, 
acetone, and phenol, and less so in ether. To determine whether a 
sample of commercial lacmoid is suitable for use as an indicator, boil a 
little of it wdth w^ater; if the water is colored an intense and beautiful 
blue, it can be used. In this case the alcoholic solution will be of a 
pure blue color, and not with a tinge of violet, as with the impure sub- 
stance. 

Preparation of Pure Lacmoid. — Filter the solution of the good com- 
mercial product in hot 96 per cent alcohol and allow it to evaporate 
in vacuo over concentrated sulfuric acid. 

Preparation of the Indicator. — Use a solution containing 0.2 g of 
the purified lacmoid in 100 ml of alcohol. 

Behavior of Lacmoid toward Adds and Bases. — If the solution after 
it has been colored reddish by acid is treated with a solution of an alkali 
hydroxide, the red color is gradually changed to a violet-red, and on fur- 

* Alkalme-earth carbonates behave differently. They do not dissolve appreciably 
untn the solution has a Pr smaller than 6. Cf. p. 513. 
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ther addition of alkali, it suddenly changes to a pure blue at ph = 5-6. 
If the violet solution is diluted with considerable water, it becomes blue. 

Uses, — Lacmoid is suitable for the titration of strong acids and 
bases as well as for ammonia, but is not suited for the titration of nitrous 
acid or weak acids. 


5. Litmus 

The chief coloring principle of litmus, the azoHtmin, is a dark brown 
powder only slightly soluble in water and insoluble in alcohol and ether. 
With alkalies it forms a readily soluble blue salt. Besides the azolit- 
min, other dyestuffs are present in litmus which are soluble in alcohol 
with a red color. 

Commercial litmus is obtained in small cubes mixed with considerable 
calcium carbonate; the dyestuffs are then in the form of their calcium 
salts, soluble in water. If the commercial material is dissolved in water, 
a solution of blue and reddish violet coloring matter is obtained, which 
becomes red on the addition of acid. On making alkaline again, a pure 
blue color is not obtained at first, but a reddish violet, which becomes 
blue on the addition of considerable alkali. Such a solution, therefore, is 
far from being a sensitive indicator and cannot be used for accurate work. 
A number of different methods have been proposed for obtaining a 
sensitive litmus solution, and that of F. Mohr* will be described. 

Purification of Litmus. — Place the cubes of litmus in a porcelain di sh 
(without powdering), cover with 85 per cent alcohol, and digest on the 
water-bath for some time with frequent stirring. Decant off the solu- 
tion' and repeat the operation 3 times. By this means the undesired 
coloring matter is removed. Extract the residue with hot water, and as 
it is very difl&cult to filter the solution, pour it into a tall cylinder, and 
after standing several days, siphon off the clear liquid. Evaporate the 
solution to about one-third of its volume and make acid with acetic 
acid to decompose the potassium carbonate present. Evaporate to 
sirupy consistency upon the water-bath and cover the mass with con- 
siderable 90 per cent alcohol. By this means the blue coloring matter 
is precipitated, while the remainder of the violet substance remains in 
solution with the potassium acetate. Filter off the residue and dissolve 
it in sufficient hot water so that 3 drops of the solution will be necessiry 
to impart a distinct color to 50 ml of water. 

Use. — Litmus can be used for the titration of inorganic and strong 
organic acids, alkali and alkaline-earth hydroxides, and ammonia, as 
well as for the titration of carbonates in hot solution. Keep the in- 

* Lekrhuch der chemisch-analytischen Titrirmethoden. 
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dicator solution in bottles 'mth a stopper iooseiy plugged with cotton. 
Aloid forms in a liglith' stoppered bottle and the indicator is spoiled. 

Choice of Indicators in Titrations. — The titration of an acid with a 
solution of a base is generalh” called a neutrahzation, but a sharp end 
point is obtained at pn ~ only when the acid and base are both strong 
electrolytes. If the acid and base are equally strong, the end point 
should occur at pH = " but it will not be sharp. This is illustrated by 
the plotted curves on p. 484. The titration of a weak acid with a weak 
base should be avoided whenever possible because of this difficulty in 
getting a sharp end point. 

The curve on p. 484 for the titration of hydrochloric acid with sodium 
hydroxide shows that the titration is practically finished at pn = about 
3.5 and the next drop of 0.1. Y sodium hydroxide solution changes the 
Ph to about 10.5. In reading such a curve, the true end point is taken 
half-way up the nearly vertical line, which is at Ph = 7 in this case. 
Any indicator that changes color between pn = 3.5 and pH = 10.5 
should give a good result. 

The cur\"e for the titration of acetic acid with sodium hydroxide shows 
that the end point is at about pn = 9. Such a solution is alkaline be- 
cause of the hydrolysis of sodium acetate. In this titration, therefore, 
the end point is not at the neutral point but it occurs at what is some- 
times called the equivalence pomij f.e., when a quantity of sodium hy- 
droxide equivalent to the acetic acid present has been added. A study 
of the curve shown on p. 484 shows that methyl orange which changes 
color at Ph = 2.9-4. 0 is absolutely useless for this titration, but phenol- 
phthalein which changes color at pn = 8.3-10 should give a good result. 
A similar study of the titration of ammonia with hydrochloric acid will 
show that phenolphthaiein is useless and that methyl red or methyl 
orange can be used. From the ion product constant of water and the 
ionization constant of the weak acid or base to be titrated, it is possible 
to compute the pn value of the solution at the equivalence point, and 
when this is known the proper indicator can be chosen. 

The stronger the acid, the larger the ionization constant. For a completely 
ionized acid, the ionization constant is assumed to be 1, cf. p. 483. The mass-action 
law does not help us much when the ionization is practically complete. When 
e^ressing concentrations in moles per liter we assume that one unit of a binary elec- 
trolyte gives two, and this leads to a mathematical error because the units are not 
absolutely the same. Such an error, however, can be disregarded in working with 
weak electrolytes. 

In considering the ionization of acids with more than one replaceable hydrogen, 
such as sulfuric or phosphoric acid, the ionization reactions should never be written 
H2SO4 2 + SO 4 or H3PO4 3 -{- PO4 ‘ because the first equation 

states that one sulfate anion is formed for every two hydrogen ions and the second 
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equation states that one phosphate is formed for every three hydrogen ions. This is 
false. The ionization takes place in two stages in the ease of sulfuric acid and in 
three stages in the case of phosphoric acid 

H.SO4 H- + HSOr H3PO4 ?± H+ + H^por 

Hsor H+ + sor” UoPor ^ii* + hpoy" 

HPO4"" H+ + PO4 


The corresponding mass-action expressions are 


[H-IfHSOr] _ ^ _ ni 

10-2 


[H+][H,POr] 

[H3P04] 

[H+][HP04““1 

[H2P04"] 



Ki = 1.1 X 10-2 
K 2 = 2.0 X 10-7 
Ks = 3.6 X 10-13 


In the case of phosphoric acid, we may consider that three acids are present. The 
first acid, H 3 PO 4 , corresponds to a moderately strong acid and is about 35 per cent 
ionized in tenth-normal solution; the second acid is W’eak and will not show an acid 
reaction to methyl orange; the third is an extremely weak acid. We can multiply 

[K'^Y X [PO4 1 

the three equilibrium expressions together and get [H3PQ4] = KiXK^XKz 

= 7.2 X 10“2h which is precisely the same form of expression that we would get if 
the reaction H3PO4 — ^ 3 H**" -f PO4 took place, but in substituting numerical 
values we should have [H+J that obtained by the primary ionization because the 
quantities of formed by the secondary and tertiary ionization are inappreciable 
with respect to that formed by the primary ionization. The value of [PO4 ] 
would be merely that extremely low concentration formed by the tertiary ionization. 
The only significance of the expression Ki X K2 X Kz is to show the effect that in- 
creasing the H'*' concentration has upon that of the PO4 . This explains, for 
example, why phosphates dissolve readily in solutions of HCl or HNO3. 

The following table shows the ionization constants of some acids and bases. 


Acetic .... 
Arsenic, Ki 
Benzoic. . . 
Boric 


Carbonic | 


K^ 




Citric \ K2 

[Kz 

Chromic, Ki 

Formic 

Hydrogen cyanide . . . 

r K 

Hydrogen sulfide j 


fi^i 

Phosphoric < K2 

[Kz 


Acids 



Ka 

Pa= -logKa 

1.8 

X 

10-5 

4.74 

5.0 

X 

10-3 

2.30 

6.8 

X 

10-5 

4.16 

6.0 

X 

10-10 

9.22 

3.0 

X 

10-7 

6.52 

7.0 

X 

10-11 

10.16 

8.0 

X 

10-^ 

3.10 

5.0 

X 

10-5 

4.30 

2.0 

X 

10-6 

5.70 

6.0 

X 

10-7 

6.22 

2.0 

X 

10-^ ■ 

3.70 

7 

X 

10-10 

9.14 

9 

X 

10-8 

7.05 

1.2 

X 

10-16 

14.92 

1.1 

X 

10-2 

1.96 

2.0 

X 

10-7 

6.70 

3.6 

X 

10-13 

12.44 ; 
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Acids 

Ka 

Va 

- -lug 

. (K- ......... 

3 .S X l 0 -‘- 


i .42 

: : 

3.5 X 10 “^ 


4.46 

Sulfuric, K2 

3.0 X !0-= 


1.52 


1.7 X 10“- 


1.77 

Suiiurous ; 

^ Ai; 

1.0 X 10-” 


7.00 

^ . fA, 

9.7 X 10-' 


3.01 

Tart line ^ ,, 

i. A -i 

9.0 X 10-^ 


4.05 

Trichloroacetic 

1.3 X 10-‘ 


o.ss 

Bases 

Kb 

Vh 

= —log Ki 

Ammonia 

1.7S X 10-5 


4.76 

Barium hvdroxide, A4 

3 X 10-- 


1.52 

Hvdrazine 

3.0 X 10~^ 


5,52 

Ethvlamiiie 

5.6 X 10“^ 


3.25 


As stated above, the reason why the end point is not at ph = 7 in 
titrating a weak acid ^ith a strong base or a weak base with a strong 
acid, is because the salt is hydrolyzed to an appreciable extent. When 
the end point is reached, the solution should have the pH caused by the 
quantity of salt formed in the total volume of solution. 

The hydrolysis of a salt can be expressed as follows: 

BA -f H 2 O BOH 4- HA 


when BA represents the formula of the salt, BOH that of the base, and HA that of 
the acid. Since most salts, excepting the halides of mercury and cadmium, are almost 
completely ionized in dilute aqueous solutions, this hydrolysis equation becomes 

A" d- H 2 O OH" -f HA (1) 


when BOH is a strong eiectrol}i:e and HA is a weak acid, 
applied to this reaction of hydrolysis is 

[OH-] X [HA] 


[A" 


■ AThydr. 


The mass-action law 


(2) 


The quantity of water involved in the reaction is very small as compared with the 
total quantity of water in the solution so that [HoO] is regarded as a constant quan- 
tity and is left out of the mass-action law expression. 

FTTH 

Now if we multiply equation (2) by 


[H-] X [OH-] X [HA] _ K, 


[HH X [A- 


= ^ = AVdr, 

JXa 


( 3 ) 


Now according to equation (1) an equal quantitj" of OH" and HA are formed by the 
hydrolysis so that in equation (2) we can replace [HA] vith [OH~], and since the 
salt formed is practically completely ionized we can replace [A“] with c, the concen- 
tration of the salt present in the solution after the hydrolysis has taken place. This 
gives us 

[OHl^ A\. 

= (4) 

and 


[OH-] = 
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Using logarithms we have 

log [OH”] = i log Kw -r 2 log c — I log Ka 
= -7 + I log c H- § Pa 

because log K-j, = -14 and -log Ka = pa- 
Then by changing ail the signs, the equation becomes 

-log [OH”] = poH = 7 - I log c - i Pa 

and since, ps -r Poh = 14, and pn = 14 — pon, the formula for computing ps at 
the equivalence point in titrating a weak acid with a strong base is 

Ph = 7 + J log c + § Pfl 

Precisely the same line of reasoning leads us to the formula for the equivalence 
point in the titration of a weak hose with a strong add 

Ph = 7 - i log c - i pj 

These last two equations enable one to choose the proper indicator for the titration 
of a weak acid or a weak base of which the ionization constant is knovui. The 
indicator chosen should change color at the ps indicated for the equivalence point. 

It is sometimes possible to titrate a mixture of two acids in such a way that the 
quantity of each acid present is known. This is accomplished by using two indi- 
cators. With equal initial concentrations of the two acids it is possible to titrate 
each separately with an accuracy of less than 1 per cent if the ionization constants 
are to one another as 10,000 : 1 or, in other words, if the difference in the ionization 
constants is at least 10“^. If there is 100 times as much of one as of the other, there 
must be a difference of 10® in the constants. Thus it is possible to titrate hydro- 
chloric acid in the presence of boric acid or hydrochloric acid in the presence of acetic 
acid. In the same way it is possible to titrate carbonate in the presence of bi- 
carbonate; the two ionization constants of carbonic acid are 3 X 10“’^ and 7 X 10"^^ 
respectively. Phenolphthalein shows when the carbonate is converted into bicar- 
bonate and methyl orange shows when all the bicarbonate has reacted with a strong 
acid like hydrochloric. The ionization constants of phosphoric acid are — 1.1 X 
10“2j K 2 = 2-0 X 10“'^, and K 3 — 3.6 X 10“^®. Methyl orange shows when the 
first end point is reached, and phenolphthalein indicates the second. An indicator 
changing at pH = 14 will give a fair idea of when the third hydrogen has all reacted, 
but l^is third hydrogen is present to such an extremely slight extent that the end 
point is not sharp. 


As the curves on p. 484 show, the progress of the neutralization of an 
acid by a base in dilute solution can be followed electrometrically and by 
potentiometric measurements the pn can be determined at which any 
given indicator changes color in aqueous solution. In Yol. I it was 
shown in the discussion of Electromotive Series and Oxidation Poten- 
tials that an electromotive force results when a metal is placed in con- 
tact with a solution of its ions and that this potential difference can be 
expressed mathematically by means of the Nernst formula, 




0.058 , P 

log — 

n ^ p 



INDICATORS 


49 ? 

in which Eii= represents the electromotive force at IS", or the approxi- 
mate laboratory temperature,* n is the valence of the km, P is the 
electrolytic soiiitioii tension, wiiieh has a constant- value for any given 
metal, and p is the osmotic pressure. This Nernst formula shows 
the influence of the osmotic pressure, which is proportional to the con- 
centration, upon the electromotive force developed; the more dilute the 
solution, the smaller becomes the value p and the greater the value of 
Eis^, An electrohkic cell is developed whenever two different metals 
differing in solutions of their respective ions are used as electrodes 
as in the Dardell cell, or when the electrodes are the same metal dipping 
in solutions of different concentration. Thus if metallic silver, as anode, 
is dipped into 0.01 A" silver nitrate solution which is separated by a 
porous cell from 0.1 A’ silver nitrate and another silver electrode as 
cathode, a current tvill flow on connecting the electrodes externally 
and the electromotive force will be approximately 0.058 volt at 18®. 
This is evident from the Xernst formula because the factors are all the 
same in developing the values of Eis° at each electrode except the value 
p which has a tenfold increase in the concentrated solution correspond- 
ing to a difference of 1 in the logarithm. 

If a hydrogen electrode (an S-shaped platinum electrode covered with 
platinum black and kept saturated with hydrogen gas) is placed in a 
solution together with an electrode of known electromotive force such 
as a calomel electrode, and the electrodes are connected externally, a 
current will flow if there is any differ- 
ence IQ potential between the h^^dro- 
gen electrode and the standard elec- 
trode. The voltage can be measured 
by sending a current from a dry cell 
in the opposite direction and measur- 
ing the voltage of this second cur- 
rent when it just sufl&ces to neutralize 
the original current. 

Figure 108 is a diagram of such an 
arrangement as used by Hfldebrand.f 
A beaker contams the hydrogen elec- 
trode h and the calomel electrode C; 
the latter is connected through the 
switch K wdth the galvanometer G 
and thence to the positive pole of the dry cell B. By means of the 

* If the measurements are made at 25°, the formula is the same except that the 
value 0.058 becomes 0.0591. 

t J. Am. Chem. 8oc., 35, 847 (1913). 



Fig. 108. 
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sliding contact 8, a variable fraction of the current can be made to pass 
from the dry cell through a galvanometer to the calomel electrode, 
opposing the current , which results from the potential difference between 
the two electrodes in the solution. M^en the two emf^s are equal, 
no current flows in the we, as shown by the needle of the galvanometer, 
and the voltage can be read at V. 

The Nernst equation, apphed to the equilibrium between hydrogen 
gas and hydrogen ions becomes Ss® = 0.058 log ■^, which means that 

the potential of the hydrogen electrode against a solution can be used 
to measure the hydrogen-ion concentration of the solution. The ex- 
pression log - when c is the concentration of the hydrogen ions ex- 
c 

pressed in moles per liter (or normality in this case) is called the pn 
value of the solution (cf. p. 155). 

Standardization of Acids and Bases 

There are many excellent ways in which a solution of hydrochloric acid can be 
standardized with satisfactory accuracy. The standardization can be accomplished 
gravimetrically by taking a measured volume of the acid from a pipet or buret, 
diluting with water, adding a slight excess of silver nitrate, heating to coagulate the 
precipitate, filtering, and weighing the silver chloride precipitate. Such a procedure 
corresponds to the determination of chlorine in a sample of sodium chloride to be 
described later. 

The acid solution can be standardized by measuring the volume required to 
react with a pure substance of definitely known chemical composition. A satis- 
factory standard is sodium carbonate prepared by heating pure sodium bicarbonate 
to 270 °. Gay-Lussac recommended this method early in the nineteenth century. 
Other standards such as calcite (Grandeau and also Pincus in 1863 ), potassium 
bicarbonate (Ure, 1839 ), sodium bicarbonate (North and Blakey, 1905 ), potassium 
bitartrate (Borntraeger, 1892 ), which is first converted into potassium carbonate by 
heating strongly, sodium oxalate (Sorensen, 1893 ), which is converted into sodium 
carbonate by ignition, and borax (Salzer and also Rimbach in 1893 ) have all been 
shown to give good results. In many cases it is convenient to standardize the acid 
against a solution or base which has itself been standardized. This last procedure 
is called the indirect method. 

There is no good gravimetric method for standardizing a solution of sodium 
hydroxide, but numerous pure substances have been recommended as standards. 
Pure oxalic acid crystals, H2C204-2H20, were used by Fr. Mohr in 1852 , and since 
then the following are only a few of the acids or acid salts which have been advocated: 
potassium acid oxalate, KHC2O4; potassium tetroxalate, KHC204-H2C204-2H20,* suc- 
cinic acid, €2114(00211)2; potassium bi-iodate, KH(I03)2; benzoic acid, C6H5CO2H,* 
potassium acid phthalate, KHC8H4O4. An indirect method of standardizing so- 
dium hydroxide solution is the titration against a solution of acid which has been 
standardized. 

In this book only two methods of standardizing the hydrochloric acid will be de- 
scribed and two methods for standardizing the sodium hydroxide. The student 
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may choose one of these and then determine the streiigtli of his other suliition 
iadirectivj using the results that he has already obtained by titrating the hydrochloric' 
acid against the sodium hydroxide. 

Standardization of Acid against Sodium Carbonate 

Preparation of the Standard. — If pure sodium bicarbonate is not 
available, dissolve about 35 g of the commercial product in 350 ml of 
warm water and filter off any insoluble residue. Allow the water to 
evaporate slowly at a temperature of not over 40° until about 25 g of 
salt has deposited. Protect the solution from contamination by dust by 
covering it with a watch glass supported upon a glass triangle or glass 
supports. Finally pour off the mother-liquor; dry the crystals by 
pressing them between filter papers and by heating for an hour at 120°. 
Preserve the pure sodium bicarbonate in a glass-stoppered bottle. 

Place about 8 g of pure sodium bicarbonate in a platinum or porcelain 
crucible and heat for 30 minutes at a temperature of about 270°, taking 
care that the temperature does not rise above 300°. The heating can 
take place in an electric oven, in a sand-bath, or in an air-bath. 

If a sand-bath is used, embed the crucible so that the sand on the 
outside is level •^ith the sodium bicarbonate on the inside. Occasion- 
ally stir the contents of the crucible with a 360° thermometer, lifter 
heating for half an hour, allow the crucible and its contents to cool in a 
desiccator over calcium chloride or other suitable desiccant. Preserve 
the sodium carbonate in a glass-stoppered weighing-bottle. If ex- 
posed to the air or kept in a cork-stoppered bottle it soon absorbs 
water from the atmosphere and becomes worthless as a standard. 

Standardization. — To standardize 0.5 N hydrochloric acid, weigh 
out two separate portions of about 1 g, recording the w^eight to the 
nearest tenth of a milligram. 

Dissolve the weighed portions of pure sodium carbonate in about 
100 ml of distilled water, add some methyl orange indicator, and titrate 
the cold solution with the hydrochloric acid solution until the color 
of the solution, after it has been stirred well, begins to change from 
yellow to red. Or, with phenolphthalein as indicator, add an excess of 
acid, boil gently till all carbon dioxide is removed, cool, and titrate the 
excess acid with sodium hydroxide solution. Then, if the relative 
strengths of the acid and base are determined by titration with the 
same indicator, the concentration of both solutions can be computed. 
The equivalent weight of sodium carbonate is 53.00. 

Standardization mth Sodium Oxalate. — Sorensen prefers to weigh 
out pure sodium oxalate, such as can be obtained from the Bureau of 
Standards, and to convert the weighed sample to sodium carbonate. 
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In this case it makes no difference ff a little carbon dioxide is lost. 
Weigh out the standard oxalate, after suitable drying to remove hy- 
groscopic moisture, and heat it very carefuUy in an air-bath (p. 37). 
A slight carbonization does no harm, but this should be avoided by keep- 
ing the temperature low and raising the temperature gradually. It is 
well to heat first for an hour at 270° in an electric oven. Finally, after 
there is no more danger of mechanical loss being caused by the escaping 
carbon monoxide, raise the temperature to about 500°. Cool, dissolve 
in water and titrate the sodium carbonate solution as described above. 

Na2C204 = Na^COs + CO 

If the product is very black, moisten it with water, evaporate care- 
fully and again heat. 

The milli-equivalent of sodium oxalate is 0.06700 g. 

Standardization of Sodium Hydroxide 

(a) With Potassium Acid Phthalate 

This substance, because of its high molecular weight, is particularly well suited 
for the standardization of dilute solutions of sodium hydroxide. To standardize 
0.1 N sodium hydroxide, about 1 g of the salt should be taken, as this is sufficient 
to neutralize 49 ml of the base. Phenolphthalein is a suitable indicator, but reliable 
results cannot be obtained with methyl orange. The chief difficulty that students 
have in working with phenolphthalein arises from the fact that the sodium hydroxide 
absorbs a httle carbon dioxide from the air every time the storage bottle is opened, 
unless care is taken to prevent it. This can be prevented by pumping the sodium 
hydroxide into the buret, or by siphoning it from the storage bottle, in such a way 
that all air that enters the bottle has to .pass through a tube containing soda-hme 
(Ca(OH )2 + NaOH) or ascarite (a patented preparation of asbestos fibers impreg- 
nated with sodium hydroxide). It also helps to keep the solution under a layer 
of gasoline. Every molecule of carbon dioxide that combines with two molecules 
of sodium hydroxide to form sodium carbonate, yields a product that only reacts 
with one molecule of hydrogen chloride in the cold because the sodium bicarbonate, 
which is formed when one molecule of hydrochloric acid acts on one molecule sodium 
carbonate, is neutral to phenolphthalein. The resulting error can be overcome by 
boiling the acid solution to expel carbon dioxide and repeating the process if the 
phenolphthalein color of the neutralized solution is discharged by heating. If the 
ratio of acid to base has been determined with methyl orange as indicator, the 
presence of carbonate in the sodium hydroxide solution will be detected by deter- 
mining the ratio with phenolphthalein as indicator. The sodium hydroxide solution 
wiU prove weaker when phenolphthalein is used if it contains carbonate and the 
titration is carried out in the cold. 

Procedure. — To standardize 0.5 N sodium hydroxide, weigh out 
portions of potassium acid phthalate weighing 2.5-3. 0 g into 200-ml 
Erlenmeyer flasks. Record the weight to the nearest milligram. Add 
100 ml of water to each portion and shake gently until all the solid has 
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dissolved. Add 3 drops of phenolphthalein solution and titrate til! a 
pale pink color is obtained. Heat the solution to boiling and^ if tiie 
color fades, add more of the sodium hydroxide solution until the color 
persists after boiling for 30 seconds. The equivalent weight of po- 
tassium acid plithaiate is the molecular weight, 204.1. Compute the 
normal concentration of the base, and, from the ratio of acid to base 
pre\dously found, compute the normal concentration of the hydrochloric 
acid solution as well. 


For the most accurate work, the solution of sodium hydro.xide must be prepared 
free from carbonate, the water used for dissolving the standard must have been 
recently boiled to remove carbon dioxide, the titration must take place in a flask 
which has been swept free from carbon dioxide by passing through it a stream of air 

that has been made to flow through granular soda- „ 

lime or ascarite, and a blank test must be run under 
the same conditions to see how much sodium h\'- ^ 

droxide would have been used if no potassium acid , — .f==-. ;! 

phthalate had been present. The volume used in ; :■ 

the blank test must be deducted from that used in ! 

the standardization, ; 


(b) With Benzoic Acid 
Weigh out 1. 5-2.0 g portions of the pure 
acid into 200-ml flasks and record the 
weights to the nearest milligram. Add 40 
ml of alcohol, stopper the flask and allow 
to stand until the acid has all dissolved. 
Add 3 drops of phenolphthalein indicator, 
dilute with water to 100 ml and titrate 
with the 0.5 N sodium hydroxide. When a 
slight pink color is obtained, heat the solu- 
tion and see if the color disappears. If so, 
add more sodium hydroxide until the color 
is not bleached by boiling for 30 seconds. 
Run a blank test with the same quantities 
of water and alcohol and deduct the volume 
of sodium hydroxide required in this test from 
in the standardization. 



the total volume used 


Everything that was said under (a) concerning the effect of carbon dioxide is true 
here. Sodium hydroxide free from carbonate can be prepared by adding about 
20 ml of 0.5 N barium chloride to the sodium hydroxide solution. Allow the pre- 
cipitate of barium carbonate to settle, stopper the bottle with a two-hole rubber 
stopper carrying a short right-angled tube attached to a soda-lime tube through 
which air can enter the bottle and also carrying a siphon tube reaching nearly to the 
bottom of the bottle. Then place the bottle on a sheK above the buret and siphon 
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the solution into the buret as required. See Fig. 109. The valve at a is made by a 
round bead in the rubber tubing. 

(c) With Comtant’hoiling Hydrochloric Acid^ 

This method will not be described in detail but deserves mention because it is one 
of the most accurate methods for standardizing dilute solutions of alkah hydroxides. 
Briefly it consists in distilling hydrochloric acid until a constant bofling acid of sp. gr. 
about 1.1 is obtained. The exact density and composition of this constant-boiling 
acid varies slightly with the barometric pressure that prevails during the distillation. 
Thus with a barometer reading of 730 mm the acid w’-fll contain 20.293 per cent of 
hydrogen chloride, and at 770 mm the acid will contain 20.197 per cent of hydrogen 
chloride. These values are on a vacuum weight basis. 

After about three-quarters of approximately 6 N hydrochloric acid have been dis- 
tilled off, the next 10 to 15 per cent of the distillate is collected as the standard acid. 
During this last distillation, the barometer is read at the start and finish to the 
nearest millimeter. Then, for the analysis, portions of the acid are weighed from a 
weight buret (see Fig. 107, p. 471). The method is very exact but is not suitable for 
work with large classes during a brief course in quantitative analysis. 

Normal Hydrochloric Acid 

1000 ml contain 36.47 g of HCl 

Dilute pure, concentrated hydrochloric acid of the laboratory with 11 
volumes of water. In this way a solution is obtained that is slightly 
more than normal in strength. To obtain an exactly normal solution, 
titrate it against a weighed amount of chemically pure sodium car- 
bonate, and from the result obtained compute the volume of water to be 
added. 

In the standardization of any volumetric solution it is advisable to 
take a weight of substance such that the titration can be accomplished 
with one filling of the 50-ml buret and heavy enough so that the nor- 
mal titration error will not amount to more than 0.001 of the total 
volume of standard solution used. This is accomplished by taking 
enough substance to react with 35-40 ml of the solution to be stand- 
ardized. It is always well to run a blank with the water used, to see 
how much of the solution is required to give an end point similar to 
that used in the analysis. The blank titration should have the same 
volume of water, the same amount of indicator and the same tempera- 
ture as the main solution, and in working with methyl orange it is best 
to match the shades. 

To standardize the acid, proceed as directed on pp. 499-500. Of pure 
sodium carbonate, use about 2 g for a normal solution; add 100 ml 

=^Foulk and HoUingsworth, /. Am. Chem. Soc. 46 , 1220 (1923); Hulett and 
Bonner, lUd., 31 , 390 (1909); Bonner and Branting, lUd., 48 , 3093 (1926). 



NORMAL HYDROCHLORIC ACID 


503 


of water and 2 drops of methyl orange indicator solution. Start the 
titration at approximately the zero-reading of the buret. Record the 
reading in the notebook, estimating to the nearest hundredth of a 
milliliter. Titrate slowh’ with constant stirring until the color changes 
from yellow to orange. With a little practice it is easy to tell when the 
end point is nearly reached by the fact that a pink color is produced 
wMcli fades slowly on stirring. Finally, at the right end pointy the 
color changes from yellow to orange throughout solution. It is ad- 
visable to match the color with that obtained by adding the indicator 
solution to pure water and adding just enough acid to give an orange 
tint to the solution. 

If the end point is over-stepped, add enough standard sodium hy- 
droxide (p. 505) to restore the yellow color and finish with acid again. 
Titrate the sodium hydroxide against the acid as described on p. 505. 

Computation, — If no sodium hydroxide k used the computation is 
veiy simple. By definition, 1 ml of normal acid reacts with 1 milli- 
equivalent of sodium carbonate (molecular weight 106.05), or 0.05303 g 
of Na 2 C 03 . To find the ratio to the normal, or normality of the acid, 
it is only necessary to find out how much sodium carbonate was actually 
neutralized by 1 ml of the acid and divide tliis value by the milli-equiva- 
lent, or norm, of sodium carbonate. 

Thus if t milliliters of acid w’ere required to neutralize s grams of 

sodium carbonate, the solution is ^ normal. 

t X 0.0o303 


If the end point was over-stepped it is necessary to know the relative 
strengths of the acid and base used in the titration. Assume that by 
titration it was found that a milliliters of HCl = h milliliters of NaOH. 

Then 1 ml NaOH = “ milliliters of HCL If in the titration of s grams 


of sodium carbonate p milliliters of HCl and q milliliters of NaOH were 
used then t = p —^q and the above equation holds. If A"a is the 


normality of the acid, Na X ^ = AT, the normality of the sodium 
hydroxide. 

When many analyses have to be made as a part of the routine work 
of a commercial laboratory it is convenient to make the solutions of 
acid and base of exactly the same strength and to keep the solutions 
always exactly normal, or 0.1 N, or 0.5 N as the case may be. Since 
it is not practical to concentrate a large volume of solution to a definite 
volume by evaporation it is advisable to make up the solution so that 
it is a little stronger than desired. If N is the desired normality and 
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the normality of the solution as first made up, then the solution 
is as strong as desired and should be diluted accordingly. 

Thus if the solution is 1.023 iV' it is only necessary to add 23 ml of 
water to each hter of solution to make it liV; if it is 0.5012 iV, add 
1.2 ml of water to each 500 ml of solution to make it exactly 0.3 N. 
Measure out the solution in a measuring-flask calibrated for delivery 
and add the required volume of water from a buret. 

Place a label on each standard reagent and write on it the normal con- 
centration with 4 significant figures and the date that the standardiza- 
tion was made. This is desirable because solutions often change on 
standing as a result of evaporation, the action of the reagent on the glass 
container or by decomposition as a result of impurities present. 

For most purposes a normal solution is too strong, and 0.1 or 0.3 N 
solutions are more commonly used. Prepare these in exactly the same 
way but by using correspondingly smaller quantities of reagents. In 
titrating with 0.1 iV solutions it is quite necessary to make allowance 
for the acid or base required to react with the indicator and important 
to keep all conditions the same, such as temperature, volume, and quan- 
tity of indicator used in duplicate titrations. Alkaline solutions should 
not be used in burets with a glass stopcock. 

All volumetric titrations should he carried out in duplicate. Burets 
should be rinsed with at least three 10-ml portions of the liquid before 
filling them. They must be kept clean so that no drops form on the 
sides as they drain. In using measuring-flasks, they should also be 
well cleaned (see p. 465) and when used as above, should be rinsed with 
at least three 25-ml portions of the liquid before filling them. 


Normal Nitric and Sulfuric Acid Solutions 

These are prepared in the same way as was described in the prepa- 
ration of normal hydrochloric acid. 

0,1 N Oxalic Acid 

1000 im contain 2 q — — 2 q — ~ 6.303 g 

An oxalic acid solution of this strength can be prepared by dissolving 
exactly 6.303 g of pure, crystallized oxalic acid in water and diluting 
to a volume of 1 1 in a calibrated flask with water at the laboratory 
temperature, (cf . p. 478) . Titrations with this acid should be made with 
phenolphthalein as indicator. 
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Normai Sodium Hydroxide Solution 
lOCM) ml contain 1 XaOH = 40.01 g 

Dissolve about 45 g of commercial caustic soda in a little more 
than a liter of water. Allow ilie solution to stand for about 1 hour 
beside the hydrochloric acid against which it is to be titratedj in order 
that both solutions may be at the same temperature. ]^Ieasure off 
about 40 ml of the solution from a buret, and titrate with normal hydro- 
chloric acid after the addition of 2 drops of methyl orange solution. 
The necessary computation was indicated on p. 503. 

Titration of Alkali containing Carbonate with Phenolphthalein 
in Hot Solutions 

To the alkaline solution introduce 2 drops of phenolphthalein in- 
dicator and add, from the buret, hydrochloric acid of approximately 
the same strength until the red color disappears. Heat the solution 
to boiling; the red color soon reappears. Gobi by placing the beaker 
in cold water,* again decolorize with hydrochloric acid, and repeat the 
process until finally the red color does not reappear on boiling. This 
method of titration is tedious, but the results obtained are accurate. 

On titrating 0.1 N acids with methyl orange as indicator, there is 
no sharp change from yellow to pink, as with normal and half-normal 
solutions, but first a brownish orange color is obtained which becomes 
pink on the addition of more acid. The correct end point is the change 
from 3"ellow to yellowish brown. Only when considerable carbonate is 
present will this change occur before enough acid has been added, for 
in this case the carbon dioxide exerts an action upon the methyl orange. 
The disturbing action of carbon dioxide is best prevented by first 
titrating in the cold, then heating to remove the carbon dioxide, again 
titrating the cold solution with acid. If only a small amount of car- 
bonate is present, it exerts no appreciable effect upon methyl orange. 

The titration of oxalic acid with alkali hydroxide solution which con- 
tains carbonate is best effected with phenolphthalein in hot solution. 
The process is carried out as follows: Measure out about 40 ml of the 
sodium hydroxide into a beaker, add 2 drops of phenolphthalein, and 
run in oxalic acid from a buret until the solution is decolorized. Heat 
the solution upon the water-bath until the red color reappears, decolor- 
ize with oxalic acid, and continue the process until finally the color does 
not reappear on heating the solution. This point is reached, however, 
only after the solution has been evaporated to dryness and the residue 

* With phenolphthalein the titration can be finished in the hot solution, but the 
end point is not so sharp. 
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taken up with a few miMiters of distilled water. A slight red color will 
appear after this first evaporation, but it will be discharged by the frac- 
tion of a drop of oxalic acid and will not reappear upon a second evapo- 
ration. 

Remark. — By heating the solution of oxalic acid over a free flame there is likely 
to be some decomposition. Sorensen thought that the trouble was caused by the 
following hydrolysis, 2 Na2C204 + H2O = Na2C03 + 2 HC02Na + CO2, but Tread- 
well showed that the following reaction takes place when the sides of the containing 
vessel are overheated, Na2C204 = Na^COa + CO. 


Prepay'ation of Sodium Hydroxide Solution Free from Carbonate 

This is best effected as proposed by Kiister.* Place about 40 ml of 
pure alcohol in a small round-bottomed flask, heat to boiling on the 
water-bath, and add little by little 2.5 g of bright metallic sodium, 
freed from petroleum by rubbing between pieces of blotting-paper. 
The reaction between the boiling alcohol and the sodium is at first 
very violent and large amounts of hydrogen and alcohol vapors are 
evolved. During this time keep the flask covered with a watch glass. 
Gradually the reaction begins to diminish and finally stops. In the 
flask there wiU be a deposit of sodium alcoholate and some undissolved 
sodium on account of the insufficient amount of alcohol. Add small 
quantities of water free from carbon dioxide f a test-tube full at a time. 
Boil off most of the alcohol and, in order to remove it completely, pass 
a current of air free from carbon dioxide through the solution untU 
the odor of alcohol can no longer be detected. Cool quickly, adding 
cold water free from carbon dioxide, immediately place in a liter flask, 
and dilute to the mark with pure water at 17-18°. This solution will 
give the same value when titrated with phenolphthalein in a cold 
solution as when the latter is hot.J With methyl orange correct re- 
sults are obtained cold if the orange color is taken as the end point. 

Such a solution quickly absorbs carbon dioxide from the air. In 
order to prevent this, place it in a bottle as shown in Fig. 109, p. 501, 
which is connected with a soda-lime tube, A', and with the buret by 
means of the tubes p and r. The buret is filled through the valve at a. 
In this way a solution can be kept free from carbon dioxide for a long 
time. To determine whether the solution is free from carbonate, make 

* Z. anorg. Chem., 13, 134 cf. p. 501. 

t Pass air, freed from carbon dioxide by a soda-lime tube, through the boiling 
water. 

t Provided the hydrochloric acid solution was prepared with water free from 
carbonate, otherwise too little acid will be necessary when the titration takes place 
in the cold. 
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two parallel titrations with phenoiphthalein as an indicator^ one in the 
cold and the other in the hot solution. If the results agree the solution 
is free from carbonate. Otherwise it is necessary to prepare a fresh 
solution or to make a corresponding correction in each analysis after 
determining the amount of carbonate present as described on p. 510. 

In many cases it is better to use a 0.1 A” barium hydroxide solution; 
as long as it remains clear it is free from carbonate. 


Preparation of 0.1 .V Barium Hydroxide Solution 


1000 ml contain 


Ba'OH :. - s H^O 
20 


315.51 

20 


I5.7Sg 


The cr 5 ^stailized barium hydroxide of commerce aiwa 3 "s contains 
barium carbonate, so that the solution cannot be prepared b^' simply' 
weighing out the necessarj' quantity' and diluting to 1 1. Dissolve 
about 20 g of the commercial hydroxide in the necessary amount of 
distilled water within a large flask. Close the flask and shake until the 
crystals have completely disappeared and a light, insoluble powder of 
barium carbonate remains. AUow the solution to stand for 2 da^'S, 
until the barium carbonate has completeh" settled; siphon it off into a 
bottle through which a current of air free from carbon dioxide has been 
passed for 2 hours pretuous. Connect this bottle with a soda-lime tube 
and with a buret as shown in Fig. 109, p. 501. For the titration, place 50 
ml of 0.1 h 3 ^drochloric acid in an Erlenme 3 Tr flask, add a little phenol- 
phthalein, and titrate with the barium- h3^droxide solution. The nor- 
mality found should be written upon the label. It is not adtisable 
to make the solution exactly 0.1 A", for it usuali 3 ^ becomes turbid on 
diluting. 


A. Alkalimetry 

1. Determination of Alkali Hydroxides 

Rule. — If the substance to be anal 3 ^zed is a solid, dissolve an ac- 
curately weighed quantity in enough water to make the solution of 
about the same concentration as that of the acid to be used in the 
titration. If a solution of an alkali h 3 ^droxide in w'ater is to be ana- 
lyzed, determine the specific gravit 3 ^ of the solution, then dilute accord- 
ingly. 

(a) Determination of Sodium Hydroxide in Commercial 
Caustic Soda 

For the titration 0.5 Af hydrochloric acid solution can be used. As 
sodium hydroxide absorbs carbon dioxide from the air it is difficult to 
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get a good sample. Place the material in a weighing-beaker and weigh 
out a sample of 4-6 g into a liter measuring-fiask. Dissolve in water 
that has been freed from carbon dioxide (p. 506), and dilute the cold 
solution up to the mark. Mix, measure out 100-ml aliquot portions 
for the titration with methyl orange as indicator. 

Computation. — • If 5.001 g were taken for analysis and in the titration 
of the aliquot 24.18 ml of 0.5iV acid were used, the percentage purity 
of the sample can be computed as follows: 

1 ml of 0.5 iV HCl = 0.02000 g NaOH (NaOH = 40.01) 

HP n 

' - 96.72 per cent N.OH 

0.5001 

In this particular case, note that the volume of NaOH solution used is 
exactly one-fourth the percentage of pure NaOH present. This is 
because the weight of sample in the aliquot (0.5001 g) was 25 times 
the value of 1 ml of 0.5 iV acid in terms of NaOH. The practice of 
using an original weight such that the final computation can be done 
mentally is very common in commercial work. 

(6) Determination of Sodium Hydroxide Present in Caustic 
Soda Solution 

Assume caustic alkali solution of d. 1.285 is to be analyzed. The 
table in the back of this book shows that the solution should con- 
tain 25.8 per cent of NaOH by weight. One milliliter of solution should 
contain 1.285 X 0.258 = 0.3315 g NaOH. 

If it is desired to know the percentage by weight of sodium hydroxide 
(or its equivalent, as base) present, weigh out about 3 g of solution into 
a small beaker, add 50 ml of water, and titrate with 0.5 AT alkali using 
methyl orange as indicator. 

If it is desired to know the weight of NaOH per milliliter, measure out 
25 ml of the caustic soda solution, dilute with water at the laboratory 
temperature to 1000 ml, mix, and use 100 ml for the titration. 

Reonark. — TLe titration of alkali hydroxides with methyl orange as an indicator 
will only give correct results when the alkali hydroxide is free from carbonate, which 
with commercial material is never the case. The above results are too high, for 
they represent the total amount of alkali, i.e.^ the amount of NaOH -}- Na 2 C 03 , 
though the latter is expressed in terms of NaOH. For an accurate determination 
of alkali hydroxide in the presence of alkali carbonate, see pp. 510, 512. 

(c) Determination of Ammonia in Aqueous Ammonia 

The procedure is the same as under (5). 
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(d) Determination of Ammonia in Amynoniuni Salts 

Weigh out 1 to 2 g of the ammonium salt in the flask K (Fig. 31, 
p. 75)j* dissolve in about 200 ml of water, and treat with 10 ml of a 
boiled solution of 10 per cent caustic soda. Distil until no more NHs 
is being evolved, as shown by testing 10 ml of the last distillate with 
litmus or turmeric paper, and receive the distillate in a known volume 
of 0.5 .Y acid in the receiver as described on p. 75, or in a saturated 
solution of boric acid. In the latter case the boric acid prevents vo- 
latilization of NHs from the receiver but it is too weak an acid to affect 
the indicator in the following titration. Titrate the excess of acid 
\rith 0.5 N caustic alkali, using methyl orange or methyl red as an 
indicator if a known volume of mineral acid was used in the receiver, 
or the ammonium borate with 0.5 HCl if boric acid was used. 
Computation. — 17.03 g of commercial ammonium sulfate w^ere dis- 
solved in 500 ml of water and one-tenth of the solution (1.703 g) placed 
in the flask. The distillate w^as caught in 60 ml of 0.5 Y HCl and the 
excess of acid reacted with t milliliters of 0.5 N NaOH. Since the 
equivalent wreight of NHs is 17.03 there is present 


(60 - 0 0.008515 X 100 _ 60 - ^ 
1.703 2 


per cent NHs 


(e) Titration of Pyridine Basest 
1000 ml N acid = C 5 H 5 X = 79.05 g pyridine 

The pyridine bases are so weak that they cannot be titrated with 
ordinary indicators. If, however, an aqueous pyridine solution is 
treated with an aqueous solution of ferric chloride, the iron is precipi- 
tated as ferric hydroxide: 

FeCls + 3 C5H5N + 3 HOH = 3 (C5H5N, HCl) + Fe(OH)3 

If normal sulfuric acid is very carefully added with constant stirring 
until the precipitate redissolves, each milliliter of the acid required 

r-i TT -VT 

will correspond to = 0.07905 g pyridine. 

Procedure. — Dissolve 5 ml of pyridine in 100 ml of water, treat 
25 ml of the resulting solution with 1 ml of 5 per cent aqueous ferric 
chloride solution, and titrate the precipitate of reddish brown ferric 
hydroxide with normal sulfuric acid until completely dissolved. 

* Or better, the apparatus shown in Fig. 92, p. 403, can be used. 

t K. E. Schulze, Ber., 20, 3391 (1887). 
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2. Determination of Alkali Carbonates 

Alkali carbonates can be titrated in the cold by using methyl orange 
as an indicator, the end point being taken as the change from yellow 
to reddish orange. When fifth-, half-, and normal acids are used this 
is the correct end point, but with tenth-normal acids this change is 
obtained a little too soon, for large amounts of carbonic acid exert a 
slight action upon the indicator. In this case the difficulty is best 
overcome by titrating the solution until the orange color is obtained 
then heating to boiling to expel the carbon dioxide, cooling, and again 
titrating until the now yellow solution becomes orange again.* With 
phenolphthalein, accurate results may be obtained by titrating the hot 
solution (cf. p. 505). According to V/arder,t sodium bicarbonate solu- 
tion reacts neutral toward phenolphthalein in the cold, so that when 
a sample of sodium carbonate is titrated in the cold, with phenolphtha- 
lein as an indicator, an end point is obtained when the carbonate is 
changed to bicarbonate: 

Na^COs + HCl = NaCl + NaHCOsJ 

If the acid is allowed to run upon the carbonate solution, a part of 
the carbon dioxide from the sodium bicarbonate is likely to be lost 
so that too much acid must be added before the end point is reached! 
On the other hand, correct results may be obtained if the titration is 
carried out slowly at 0° in the presence of NaCl (cf. p. 491) and with 
the solution gently and continuously stirred to prevent local concen- 
tration of the acid. This is important, for in this way a convenient 
method is obtained for determining the amount of hydroxide in the 
presence of carbonate. 


Analysis of Soda Ash 

Soda ask is the trade name for anhydrous sodium carbonate. The following 
procedure is applicable to the analysis of any alkali carbonate. It can also be used 
for an alkaline-earth carbonate but in that case it is necessary to add an excess of 
acid and titrate back with sodium hydroxide solution. As we have seen in the dis- 
cussion of indicators, carbonic acid is such a weak acid that it has practically no effect 
upon methyl orange. The primary ionization of carbonic acid, however, furnishes 
hydrogen ions sufficient to make phenolphthalein assume its colorless form With 
methyl orange as indicator, sodium carbonate Na 2 C 03 can be titrated as if it were 


Kuster recommends in titrating carbonates with methyl orange, to make a 
bla^ eyeriment to see how much effect an equal amount of water saturated with 
13 1 ^ ) amount of indicator solution. {Z, anorg. Chm., 

t Z. and. Chem., 21, 102 (1892). 
t Z. anorg. Chem., 13, 140. 
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two molecules of sodium hydroxidej both stages of the following decomposition 
taking place before the solution is acid to methyl orange: 

COa"" -r H- -v HCO3” 

HCO3" -r H- llfJ -r CO2 

With pheaolphthalein in the cold, an end point is obtained when the first stage only 
has taken place. 

With an insoluble alkaline-earth carbonate, on the other hand, the carbonate 
does not begin to dissolve until the solution is more acid than corresponds to the first 
end point, so that a mixture of soluble Ba; OH)2 and insoluble BaCOs can be titrated 
wnth acid and an end point obtained as soon as the Ba OHls has been completely neu- 
tralized provided phenolphthalein is the indicator. With methyl orange, on the other 
hand, the end point will not be reached until all the insoluble carbonate has dissolved. 


Procedure. — 'Weigh out into 250-mi Erlenmeyer flasks, two samples 
of about 1 g each. Record the weights to four significant figures.* 
Fill a glass-stoppered buret with standardized hydrochloric acid and a 
plain buret with standardized sodium hydroxide. Record the initial 
readings in the notebook to the nearest 0.01 ml. 

Cover the sample with 25 ml of water and add 2 drops of method 
orange indicator solution. Run in acid slowly until the indicator turns 
distinctly red, rotating the contents of the flask. In the ease of an 
insoluble carbonate, it vrill be necessary to add a few miUilitei^ of excess 
acid. 'RTien all the carbonate is decomposed, wash down the sides 
of the flask and carefully add sodium hydroxide from the buret while 
keeping the liquid in the flask in motion. Stop adding the hydroxide 
as soon as the liquid becomes distinctly yellow. Finally add acid drop- 
wise until the well-mixed solution shows a faint change toward the pink. 
In order to determine the end point accurately, the beginner should 
have two comparison solutions both containing the same amount of 
indicator as used in the analysis and approximately the same volume as 
at the end of the titration. For one solution have the indicator in 
distilled water; the color will be yellow because water reacts basic to 
methyl orange. For the other comparison solution, add a drop of the 
standardized acid, or just enough to change the methyl orange color 
toward the pink. This shade should be matched in the titration.f 
From the total volume of hydrochloric acid used, deduct the volume 
of hydrochloric acid corresponding to the sodium hydroxide added and 
this will give the volume of hydrochloric acid actually required to react 
with the weight of the carbonate used. The milli-equivaient weight of 

* See p. 23 regarding significant figures. In general, no more significant figures 
should be used in analyses than corresponds to the accuracy of the result. In report- 
ing results, the next to the last figure kept should not vary by more than 2 units. 

t It is also well to have as much neutral sodium chloride present as will be formed 
by the titration. 
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NaaCOs in this determination is the molecular weight divided by 2000; 
the same is true of NaaO. See p. 474. 

3. Determination of Alkali Carbonate and Hydroxide in the Presence 
of one Another 

Method of C. Winkler 

Of the many methods which have been proposed for this determina- 
tion that of Winkler is the best. 

In one portion determine the total amount of alkali present by titra- 
tion with acid, using methyl orange as an indicator, and determine 
the hydroxide in a second portion as follows: Add the solution from a 
pipet to enough barium chloride solution to leave the solution about 
01 N in Ba-^ after all the carbonate is precipitated; the following re- 
actions take place: 

NaaCOs + BaCh = 2 NaCl + BaCOs (insoluble) 

2 NaOH + BaCls 2 NaCl + Ba(OH)2 (soluble) 

Add phenolphthalein and titrate slowly with hydrochloric acid with 
constant stirring; decolorization is effected as soon as the hydroxide 
is neutralized before any barium carbonate is dissolved. The amount 
of acid used corresponds to the amount of hydroxide originally present. 

4. Determination of Alkali Carbonate in the Presence of either 
Alkali Hydroxide or Alkali Bicarbonate 

Method of R. B. Warder 

If a solution of sodium hydroxide is titrated with tenth-normal hydrochloric acid, 
the reaction is practically complete at about pn = 11. When sodium carbonate, 
NaaCOs) is titrated with tenth-normal hydrochloric acid, it is completely changed to 
NaHCOs at about ps = 10 and the sodium bicarbonate is changed to chloride at 
about ?)H = 4. It happens, fortunately, that the color change with phenolphthalein 
takes place after the sodium hydroxide has been completely neutralized and just after 
the carbonate has been converted to bicarbonate. Methyl orange, on the other hand, 
does not show an acid reaction until the sodium bicarbonate is changed completely 
to sodium chloride. 

CO3 — + -> HCOs" I point with phenolphthalein 

HCO3 + H+ H2O 4 - CO2 t additional reaction with methyl orange 

In carrying out the analysis it is important to make sure that there is no loss of 
CO 2 before the first end point is reached; the solution must be cold, the acid must 
be added slowly, and each portion must be stirred in well before fresh acid is added. 

Procedure, Weigh out 5 g of the sample to four significant figures, 
dissolve in water, and make up to exactly 500 ml in a measuring-flask. 
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Xlix well by pouring back and forth into a beaker at least four times, and 
take 25--ml portions of the solution with a pipet for the further analysis. 

To one portion, add some phenolphthalein indicator, chill by placing 
the flask in ice- water, and titrate slowly with O.KV hydrochloric acid 
wiile stirring constantly. Titrate to match the rose color obtained by 
adding phenolphthalein indicator to a solution of approximately the 
same concentration of pure sodium bicarbonate. Let Ti represent the 
milliliters of acid required to decolorize the solution. 

To another portion add meth3d orange and titrate till the color of the 
solution begins to change from yellow to pink. Let Tn represent the 
total milliliters of acid used to make the solution acid to methyl orange. 

Computation. — (a) If To is over twice as large as Ti, the original sample is a 
mixture of carbonate and bicarbonate. (&) If Ti is over half as large as To the sample 
contains carbonate and hydroxide. 

(a) Now n moles of CO3 react with n moles of in the phenolphthalein titra- 
tion and with 2 n moles of in the methyl orange titration, and ni moles of HCOs*" 
react with no acid in the first titration and ^^ith moles of in the second titration. 
In a mixture of n moles of CO3 and m moles of HCOs”, using Ti milliliters of N- 
normal HCl in the phenolphthalein titration and To milliliters of acid in the methyl 
orange titration: 

Ti X iV = n = number of milli-moles of CO3 

(To ~ 2 Ti)iV = fu = number of milli-moles of HCOs” 

(b) If T 2 is less than twice as large as Ti, the original sample is a mi.xture of alkali 
hydroxide and carbonate 

(T 2 — Ti)N ~ number of milli-moles of CO3 
(2 Ti — To) XN ~ number of milli-moles of OH" 

Note. — This method of analysis, which applies to the analysis of alkali carbonate, 
hydroxide, and bicarbonate mixtures but not to mixtures of alkaline-earth carbonate 
with hydroxide and bicarbonate, is not as satisfactory as Winkler^s method which 
depends upon the titration of one sample with methyl orange as indicator and of 
another sample with phenolphthalein as indicator after treatment with barium 
chloride, which precipitates barium carbonate. A solution containing soluble alkali 
or alkaline-earth hydroxide in the presence of insoluble alkaline-earth carbonate, 
can be titrated with acid and the phenolphthalein end point obtained as soon as the 
hydroxide has been neutralized completely and before any of the insoluble carbonate 
dissolves. With methyl orange, however, the end point is not reached until all the 
alkaline-earth carbonate has dissolved. In this case, the carbonate dissolves very 
slowly toward the last; it is best, therefore, to add an excess of acid and then, when 
the alkaline-earth carbonate is all dissolved, titrate back to a methyl orange end 
point. 


5. Determination of Alkaline-earth Hydroxides 
Titrate with phenolphthalein as indicator to a colorless end point. 
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6. Detennination of Alkaline-earth Carbonates 

Cover the carbonate with 25 ml of water, add an excess of the stand- 
ard acid, boil to remove the carbon dioxide, cool, and titrate the excess 
of acid with alkali, using methyl orange as indicator. 

7. Determination of AJkaline-earth Oxide together with 
Alkaline-earth Carbonate 

This analysis is based upon the fact that calcium carbonate, as -well 
as calcium oxide, neutralizes a solution which is acid to methyl orange 
and changes the color of the indicator. One mole of CaCOs reacts with 
2 moles HCl before the solution is acid to methyl orange. Toward 
phenolphthalein calcium oxide is basic, but calcium carbonate is not, 
and the end point is reached when all the calcium oxide is neutralized 
and the calcium carbonate begins to dissolve. 

Suppose, for example, it is desired to determine the amount of oxide 
and carbonate in a sample of quicklime. Break up the lime into 
pieces about the size of a pea, weigh out 14 g and slake with boiled 
water. Wash the paste into a 500-ml flask and dilute to the mark 
with water free from carbon dioxide. After thoroughly mixing, trans- 
fer 50 ml of the turbid liquid to. a second 500-ml flask and again dilute 
to the mark. 

Determination of the Total Calcium. — To 50 ml (0.14 g of substance) 
of the last solution add 60 mi of 0.1 JV hydrochloric acid and heat until 
there is no further evolution of carbon dioxide. Cool, and titrate the 
excess of acid with 0.1 W sodium hydroxide solution, using methyl 
orange as an indicator. For this purpose t milliliters of the latter are 
required; consequently 60 — i milliliters of 0,1 N acid were necessary 
to neutralize the calcium hydroxide and calcium carbonate in the 50 ml 
of the solution taken for analysis. 

Determination of the Calcium Oxide. — Titrate a second portion of 
the freshly shaken solution with 0.1 W hydrochloric acid added drop 
by drop to the cold solution, using phenolphthalein as an indicator. 
Assume that ti milliliters of the acid were necessary to neutralize the 
calcium oxide. 

Consequently, for the neutralization of the CaCOs + CaO, 00 — t 
milliliters of 0.1 W acid were required, and for the CaO, h milliliters of 
0.1 iV acid were necessary. For the neutralization of the CaCOs, 
therefore, 60 — (^ + ^i) milliliters of 0.1 iV acid were necessary. 

50 ml solution (0.14 g lime) contain: 

{a) k X 0.002803 g CaO, (6) [60 - (i + ^i)] X 0.5003 g CaCOs, and 
the sample contains 
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and 


ii X 0.2S05 
0.14 


= 2 ti per cent CaO 


[60 ~ (t + ti)] X 0.5005 
n 11 


per cent CaCOs 


The above method of titration fails to take into consideration the 
fact that commercial lime contains more or less magnesia. As a result 
of cooperative analyses made by the U. S. Geological SurveVj the Bureau 
of Chemistry, and the Bureau of Standards, using seven methods of 
analysis, ]\Iiss Alice I. T\liitson has published the following modified 
Scaife method for the 


8. Determination of Available Lime in Quicklime and Hydrated Lime 

Weigh 1.402 g of the carefully prepared and finely ground lime (pass- 
ing 100 mesh) into a 400-ml beaker, add 200 ml of hot water, cover, 
heat carefully, and then boil for 3 minutes. 

Cool, wash down the cover glass, add 2 drops of phenolphthalein 
and titrate with N hydrochloric acid, adding the acid dropwise as 
rapidly as possible and stirring ^dgorously to avoid local excess of acid. 
When the pink color disappears in streaks, retard the rate of addition 
of acid somewhat, but continue until the pink color fades throughout 
the solution for 1-2 seconds. Note the reading and ignore the return 
of color. 

Repeat the experiment, substituting for the 400-ml beaker a 1-1 
graduated flask carr^dng a one-hole stopper fitted with a short glass 
tube drawn out to a point. Cool, and add dropwise, and with vigorous 
stirring, about 4.5 ml less acid than before. Call this number of milli- 
liters used A. Grind up any small lumps wdth a glass rod flattened 
at one end, dilute to the mark with freshly boiled distilled water, close 
the flask with a solid stopper, mix thoroughly for 4-5 minutes, and let 
settle for half an hour. 

Pipet off a 200-ml portion, add phenolphthalein, and titrate slowiy 
with 0.5 N hydrochloric acid until the solution remains colorless on 
standing one minute. Call this additional number of milliliters B. 
Then the percentage of available CaO — 2 A + o B. 

The computation is thus simplified because the weight of sample 
taken is exactly 50 times the milli-equivalent weight of calcium oxide 
(0.02804 g). If an}’' other weight of sample, s, is taken and hydro- 
chloric acid solutions of Ni and AL concentrations are used instead of 
exactly normal and half-normal acids, the computation is as follows: 

(A X Ni -h 5 B X N 2 ) X 0.02804 X 100 

z ni = -nnT* 
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9. Determination of Alkaline-earth Bicarbonates 

This determination finds a practical application in the determination 
of the temporary hardness of water. 

The hardness of a water is caused by the presence of alkaline-earth 
salts, either those with strong acids (CaS 04 , MgCh) or bicarbonates. 
A hard water is recognized by the fact that it gives with a clear soap 
solution a turbidity or even a precipitate, and considerable soap must 
be added before a lather is obtained on shaking. Usually calcium 
salts, and chiefly calcium bicarbonate, predominate in such a solution, 
and hardness is usually expressed in parts of calcium carbonate (or 
calcium oxide) in 100,000 parts of water. 

If the solution contains 1 part of calcium carbonate in 100,000 parts 
of water it is said to possess one degree of hardness (French); if such a 
water contains n parts of CaCOs in the same quantity of water it pos- 
sesses n degrees of hardness. In Germany the hardness is expressed 
in parts of CaO per 100,000 parts of water; in England the hardness 
is expressed in grains of calcium carbonate per Imperial gallon. In 
the United States hardness is usually expressed in grains of calcium 
carbonate per U. S. gallon, which is five-sixths as large as the Imperial 
gallon. One degree of hardness on the French scale = 0.56 degree on 
the German scale = 0.70 degree on the English scale = 0.585 degree 
on the U. S. scale. When magnesium salts are present, these are ex- 
pressed in terms of the equivalent amounts of CaCOs or CaO. The 
error caused by this assumption is not great, for the amount of mag- 
nesium present is usually small compared with the amount of calcium. 
If a water containing calcium bicarbonate and calcium sulfate is heated 
to boiling, the former is decomposed with the precipitation of calcium 
carbonate; 

Ca(HC 03)2 = H 2 O + CO 2 + CaCOs 

while the calcium sulfate remains in solution. In other words, the 
hardness produced by the presence of alkaline-earth bicarbonates dis- 
appears on boiling, and is designated, therefore, as “ temporary hard- 
ness ” to distinguish it from permanent hardness,^^ which is usually 
caused by alkaline-earth salts of the stronger acids, usually calcium 
sulfate. The sum of the temporary and permanent hardness of a water 
represents the total hardness. 

According to 0. Hehner, the temporary as well as permanent hardness 
may be determined accurately by an alkalimetric process. 
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(a) Detennination of Temporary Hardness 

Place 100 ml of the water to be examined in a white porcelain eA^apo- 
rating-dish, add a few drops of methyl orange, and titrate the solution 
with 0.1 iV hydrochloric acid until the first change from 3 ^eliow to orange 
takes place. From the amount of hydrochloric acid used the amount 
of calcium carbonate present can be calculated. 

Example: 

100 ml water required 2.5 ml of 0.1 hydrochloric acid 

As 1000 ml of 0.1 N hydrochloric acid neutralize = 5.003 g CaCOg, 1 ml 

of 0.1 N hydrochloric acid will neutralize 0.005005 g CaCOg and 2.5 ml of 0.1 N 
hydrochloric acid corresponds to 0.005003 X 2.5 = 0.0125 g CaCOg, 

Then if 100 ml of water contain 0.0125 g CaCOg, 100,000 ml of water will contain 
12,5 g CaCOg. 


(5) Determination of Perm-anent Hardness 

Treat another portion of 100 ml of the water with an excess of O.liV 
sodium carbonate solution, evaporate on the water-bath to dryness, 
and take up in a little freshly boiled distilled water. Filter off the 
residue and wash 4 times with hot water. Allow the filtrate to cool 
and afterwards titrate with 0.1 N hydrochloric acid, using methyl 
orange as indicator. If the amount of hydrochloric acid used for the 
titration is deducted from the total amount of sodium carbonate added 
to the water, the difference represents the amount of sodium carbonate 
required for the precipitation of the alkaline-earth salts of the strong 
acids. 

Example. — 100 ml of water + 10 ml of 0.1 A Na2C03 were evaporated to dry- 
ness, the residue extracted with water, and the filtrate titrated with 0.1 iV hydro- 
chloric acid; this required 8.7 ml of HCl. Consequently, for the precipitation of 
the calcium sulfate 10 — 8.7 == 1.3 ml of 0.1 i\r Na2C03 were necessary, which corre- 
sponds to 1.3 X 0.005 = 0.0065 g CaCOg per 100 ml water and 6.5 g CaCOg per 
100,000 ml of water. 

The permanent hardness amounts to 3.8 U. S. degrees. 

Remark. — The above methods of Hehner for the determination of hardness will 
give reliable results only when the water contains no alkali carbonates in solution, 
as is usually the case with drinking-waters. For the determination of the amount 
of alkaline earth present in many mineral waters it is obvious that these methods 
cannot be used. ^ 

10. Determination of Alkaline-earth Salts of Strong Acids 

The determination is practically the same as was indicated above. The alkaline- 
earth salt is precipitated by means of an excess of titrated sodium carbonate solu- 
tion, and after filtration this excess is determined by titrating back with acid. 
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Procedure. — A solution containing calcium chloride and hydrochloric 
acid is to be analyzed. Place it in a measuring-flask, treat with a few 
drops of methyl orange and with sodium hydroxide solution until the 
neutral point is reached; after this add an accurately measured amount 
of sodium carbonate solution. Heat the solution until the precipitated 
calcium carbonate becomes crystalline, allow to cool, dilute to the mark, 
mix, filter through a dry filter, and titrate the excess of sodium carbon- 
ate titrated in an aliquot part of the filtrate. From the amount of 
sodium carbonate required for the precipitation of the calcium the 
amount of the metal can be calculated. 

Remark. — Other metals which are precipitated by sodium carbonate can be 
determined in this way. 


B. ACIDIMETRY 

Acids are determined either by titration with standard alkali solution 
or a known amount of the latter is added and the excess titrated with 
standard acid. The second method requires more buret readings and 
is, therefore, less satisfactory than the first. 

1. Determination of the Acid Contents of Dilute Mineral Acids 
(HCl, HNO3, H2SO4) 

Determine the density of the acid by means of an areometer, and 
from the tables in the back of this book estimate the approximate 
amount of acid present. Dilute a weighed amount of the acid so that 
the solution wuU have approximately the same concentration as that of 
the alkali to be used for the titration. Analyze by one of the follow- 
ing methods: 

1. Place an accurately measured portion of the diluted acid (20-25 
ml) in a beaker, add methyl orange, and titrate the solution with 
sodium hydroxide solution until a yellow color is obtained. 

2. Place the dilute solution to be analyzed in a buret and titrate with 
it a definite volume of normal alkali hydroxide solution. 

3. Titrate a definite volume of the diluted acid with 0.1 iV Ba(OH )2 
solution or with sodium hydroxide free from carbonate, using phe- 
nolphthalein as an indicator.* 

Example. — For the analysis 0.5 N NaOH was used. 

The hydrochloric acid analyzed had at 15° a density of 1.122, corresponding 
to about 24 per cent HCl by weight. 

100 ml 0.5 N sodium hydroxide are equivalent to 1.823 g of HCl, and conse- 

* When phenolphthalein is used as an indicator in cold solutions the acids must 
be diluted with water free from carbonate. 



COMMERCIAL HYDROUS STANNIC CHLORIDE 


519 


1 823 

quentiy = 7.595 g of the above acid would be required to make 100 ml of 

0.5 A" acid, if it contained exactly 24 per cent HCL Weigh out about this quantity 

S 

(say 8 g), and as the density of the solution is 1.122, this will require = 7 ml. 

Place 7 ml of the acid in a taxed, glass-stoppered weighing-tube, weigh the tube and 
its contents, rinse the latter into a 100-ml measuring-flask and dilute with distilled 
winter up to the mark. After thoroughly mixing, measure off 25 ml of the acid and 
analyze by one of the above methods. If in an analysis the original weight of the 
acid amounted to 7.962 g and 25 ml of the diluted acid required 25.80 ml of 0.5 N 
alkali, then 100 ml would require 25.80 X 4 = 103.2 ml of 0.5 .¥ alkali, corresponding 

to 103.2 X 0.01823 = 1.881 g HCl. The acid, therefore, contains ^ ” 

23.6 per cent HCl. 

Remark. — Instead of w^eighing out the acid for the analysis, it can be measured 
and from the percentage by volume found the percentage by weight calculated. 
How’ever, as the density as determined by an areometer is not very accurate, it is 
better to weigh the acid. If the density of the acid is taken with a pycnometer, 
using aU necessary precautions (cf. Kohhausch, Leitfaden der prakiischen Physik), 
it is a matter of indifference whether the acid used for the analysis is w^eighed or 
measured. 


2, Analysis of Commercial Hydrous Stannic Chloride 

Stannic chloride, as used for a mordant in dyeing, is obtained as the 
solid salt SnCl 4 + 5 H 2 O, or in a concentrated aqueous solution of 
about 50° Be. {d. 1.52). The solution is obtained by dissolving metallic 
tin in hydrochloric acid and oxidizing the stannous chloride formed 
either with potassium chlorate or potassium nitrate. The preparation 
should contain no free acid, especially nitric acid, no stannous chloride, 
and no iron. The substance is, therefore, tested qualitatively for 
these substances as follows: 

For stannous chloride, by dissolving in water (or diluting the con- 
centrated solution) and adding mercuric chloride; a white precipitate 
of mercurous chloride shows the presence of bivalent tin. 

For nitric acid, by means of ferrous sulfate and concentrated sulfuric 
acid. 

For sulfuric acid (caused by the use of impure hydrochloric acid in 
the preparation of the salt) with barium chloride. 

For iron, with potassium thiocyanate. 

The solid salt SnCU + 5 H 2 O, made by treating anhydrous stannic 
chloride with the calculated amount of water, is usually very pure. 

The gravimetric determination of both the tin and the chlorine has 
been described on p. 300, but here will be given a method for deter- 
mining the amount of the chlorine volumetrically. 

If stannic chloride is diluted with water, the salt undergoes hydrolysis 
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and the solution reacts acid: 

SnCU + 4 HOH Sn(OH)4 + 4 HCI 


Consequently if methyl orange is added to the diluted solution, the 
acid content can be titrated vdth sodium hydroxide solution, and from 
the amount used the chlorine combined ^nth the tin can be calculated, 
provided no other acid is present. If the stannic chloride was pre- 
pared by oxidation mth potassium chlorate or nitrate,* the solution 
will also contain chlorine combined with potassium. The total chlorine 
can be determined by adding a few drops of neutral potassium chromate 
solution to the solution which has been titrated with sodium hydroxide 
and titrating with silver nitrate solution. If in this way more chlorine 
is found than corresponds to the amount of hydrochloric acid neutralized 
by the alkali, the difference is expressed in terms of potassium chloride. 
If, on the other hand, less chlorine is found, the presence of some other 
acid in the tin solution is assured. 

To iliustrate the accuracy of such an analysis, the following results 
will be given: A sample of solid stannic chloride (SnCU + 5 H 2 O) was 
analyzed gravimetricaUy, as described on p. 300. It was found to 
contain 42.02 per cent of chlorine and 34.73 per cent of tin. 

Two portions were then analyzed volumetrically by titration first 
with sodium hydroxide and then wdth silver nitrate: 

A. 0,8533 g of tin salt required 20.06 ml of 0.5 iV sodium hydroxide 
and 20.34 ml of 0.5 iV silver nitrate. The total chloride content was 
therefore 


0.03546 X 0.5 X 20,35 X 100 
0.8533 


42.25 pc 


The chloride present as SnCh was 

0.03546 X 0.5 X 20,06 X 100 
0.8533 


41.76 per cent 


B. 0.8383 g of tin salt required 19.79 ml of 0.5 N sodium hydroxide 
and 19.92 ml of 0.5 N silver nitrate. This corresponds to 42.12 per 
cent of total chlorine and 41.84 per cent of chlorine as stannic salt. 

The above analysis shows that the tin salt was practically free from 
potassium chloride by the comparative agreement of the results ob- 
tained by titration with sodium hydroxide with those of the silver nitrate 
titration. In the absence of excess hydrochloric acid, the tin can be 


* The potassium nitrate is acted, upon by the excess of hydrochloric acid present 
forming the chloride, and the excess of the acid is afterwards removed by evaporation 
as much as possible. 
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determined from the amount of chlorine found: 

19.79 X O.o X 0.02968 X 100 _ 

0.8383 “ 

instead of 34.73 per cent as found gravimetrically. 


3. Determination of the Acid Content of Fuming Acids 

Highly concentrated acids must be always weighed and not meas- 
ured volumetrically, in order to avoid loss by evaporation, 
ing is best accomplished by means of the Lunge-Rey 
pipet, shown in Fig. 110. 

Remove the lower tube, introduce 0.5 ml of water, and 
weigh together with the dry upper pipet, but leaving the 
2 parts unconnected. Close the lower stopcock, open 
the upper one, and produce a slight vacuum in the bulb 
by sucking through the upper tube and then closing the 
stopcock. Dip the dry point of the pipet into the fuming 
acid (in the case of solid pyrosulfuric acid, first melt it 
by warming slightly), and open the lower stopcock. As 
soon as the widened part of the pipet below the lower bulb 
is one-half to three-fourths full, close the stopcock, taking 
care that none of the liquid reaches up to it. 

Carefully wipe off the acid on the outside of the pipet 
with filter paper; connect the two parts of the pipet and 
again weigh. The quantity of acid taken for the analysis 
should amount to 0.5-1 g. Dip the point of the pipet into 
about 100 ml of distilled water contained in a beaker, and, 
by opening first the upper stopcock and then the lower, 
allow the acid to run into the water. Rinse out the pipet and add the 
rinsings to the contents of beaker. 

If the acid to be analyzed is hydrochloric or sulfuric acid, add methyl 
orange and titrate the solution with a 0.5 AT sodium hydroxide. If it is 
nitric acid, first add an excess of sodium hydroxide, then a httle methyl 
orange, and then titrate with 0.5 AT hydrochloric acid. In this way 
the action of the ever-present nitrous acid upon the indicator is avoided. 
When one of the above pipets is not available, the weighing out of the 
sample for analysis can be effected as follows: Make a thin-waUed bulb 
with about 1-ml capacity between two ends of capillary tubing. After 
weighing, connect the upper piece of capillary tubing with a small, 
ordinary pipet at the ends of which are attached pieces of rubber tubing, 
closed with pinchcocks. Fill the bulb as follows: 


The w^eigh- 



(U 


Fig. 110 . 
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Close the lower pinchcock, open the upper one, and produce a vacuum 
by sucking through the upper tube and then closing the pinchcock. 
Dip the lower point of the weighed tube into the acid and open the 
lower pinchcock. When the small bulb is one-third full, close the 
pinchcock, melt the upper end of the capillary tubing, and, after wiping 
oE the acid from the outside, likewise seal the lower end and weigh the 
bulb. Place 100 ml of water in a flask with a closely fitting ground- 
glass stopper, drop in the weighed bulb, and break it by shaking. In 
this way the ver^^ strongest, fuming sulfuric acid can be dissolved in 
water without loss. On the other hand, the pipet shown in Fig. 110 
is not so good for the weighing out of an acid containing 70 per cent or 
more of SO3. If the acid is not too concentrated, this bulb may be 
emptied as was described for the pipet. 

For the analysis of the solid anhydride, Stroof places a little in a 
dry weighing tube, and adds concentrated sulfuric acid of known 
strength until a fuming acid of about 70 per cent SO3 is obtained. 
To effect solution, the mixture is warmed to about 30°-40° in a loosely 
stoppered bottle. The acid thus obtained is analyzed as above.* 

Computation. — Fuming sulfuric acid can be considered to be a solution of anhy- 
drous SO3 in H 2 S 04 .t On treatment with water, the following reaction takes place: 
SO3 + H 2 O = H 2 SO 4 . The titration -with NaOH, therefore, shows the total acid 
present, mcluding that formed from the anhydride. Let p be the weight of the origi- 
nal sample and n the milliliter of V-normal NaOH used. The total weight of H 2 SO 4 
(equivalent weight 49) in the solution after the reaction with water is 

nXN X 0.049 = pz 

Then p 2 — p is the weight of the water which reacted with the anhydrous SO3. 
Since 1 mole of H2O (18.02 g) reacts with 1 mole of SO3 (80.06 g), evidently 1 g of 
80 06 

H2O reacts with qo — 4.443 g of SO3 and pz P grams of water are equivalent 

to 4.443 (p 2 — p) grams of anhydrous SO3. This value subtracted from the weight, 
p, gives the original weight of H 2 SO 4 . 

A similar computation applies to the analysis of a mixture of acetic acid and acetic 
anhydride. When treated with water the latter reacts as follows: (CH3C0)20 + 
H2O = 2 CH3CO2H (acetic acid). The result of the NaOH titration, expressed in 
terms of acetic acid, wiU give a weight larger than that of the original sample, the 
excess representing the weight of water that reacted with the anhydride; and the 
chemical factor for converting this weight of water into the equivalent weight of 
the anhydride is 

(CH3C0)20 _ 72.05 
H 2 O 18.02 

* G. Finch (Chem. Ztg., 1910, 297) and R. H. Vernon (ibid., 1910, 702) use a 
different apparatus and larger samples, thus getting more accurate results. 

t Fuming suKuric acid contains a little SO 2 but as its determination involves an 
iodometric titration it will not be considered here. 
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Preparation of Concentrated Sulfuric Acid Mixtures (M. Gerster) 

It is often necessary to prepare fuming sulfuric acid of definite con- 
centration. 

Given: 


(a) Fuming sulfuric acid (A) vdth a per cent free SO3. 

(h) Sulfuric acid {B) with c per cent H2SO4 and 100 - c per cent water. 
A fuming acid containing h per cent free SO3 is desired. 

To obtain the latter, mix 100 g of the acid A with x grams of the 
acid B. 

The final mixture (100 + will contain grams of free 

SO 3. The original free SO 3 in A will react partly with the water 
in the acid B to form H2SO4, Therefore, since 1 g of H2O reacts with 

4.44 g of SO3 and since all the water grams^ must be con- 

verted to H2SO4, we have 


(100 + x)h 
100 


4.44 (a:) (100 - c) 
100 


and 


X = 


_ 100 (g - h) 


444 + & - 4.44 c 


grams of B 


Example. — How much acid containing 98.2 per cent H2SO4 should be mixed with 
100 g of oleum containing 25.5 per cent free SO3 to give an acid with 19.0 per cent 
free SO3? Ans. 24.07 g. 

5. Titration of Hydroxylamine Salts 

Hydroxylamine hydrochloride reacts neutral towards methyl orange 
and acid towards phenolphthalein. If phenolphthalein is added to an 
aqueous solution of the salt, and the titration is made with 0.1 alkali, 
the end point will be obtained when the total amount of acid present 
has been neutralized by the alkali. It is impossible to determine the 
amount of free hydrochloric acid present when phenolphthalein is used, 
but it can be done with methyl orange. Romijn* recommends for the 
titration of the acid a O.IA^ borax solution, # 


6. Hydrofluoric Acid 

1000 ml normal alkali = HF = 20.01 g HF 

Hydrofluoric acid can be titrated wdth phenolphthalein as an in- 
dicator, but not with litmus or methyl orange. Measure out the acid 

* Z. anal. Ch&m., 36, 19 (1897). This method has not been tested in the author's 
laboratory. 
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into a platinum dish by means of a pipet which is coated with beeswax, 
add an excess of sodium hydroxide free from carbonate and titrate 
the excess of the latter in hot solution with an acid of known strength.* 

A neutral fluoride can be titrated with fair accuracy by adding neutral 
ferrichloride solution until an end point is obtained with KCNSj 

6 NaF FeCls — NasFeFe 3 NaCl 

Considerable sodium chloride should be added to precipitate the com- 
plex salt. 

7. Fluosilicic Acid 

The titration of this acid may take place according to either of the 
following reactions: 

1. HsSiFe + 2 KOH = K2SiF6 + 2 H 2 O 
IL HsSiFe + 6 KOH = 6 KF + 2 H 2 O + Si(OH)4 

According to Equation I 

1000 ml normal KOH or Ba(OH )2 = 72.04 g H 2 SiF 6 
Treadwell’s Method 

If fluosilicic acid is. titrated in the cold with caustic potash, using 
phenolphthalein as indicator, a red color appears after a time, but 
disappears later on account of the excess alkali reacting with KaSiFs 
to form 6 KF and Si(OH)4. 

This last reaction, however, takes place so slowly that it is impossible 
to obtain a distinct end point. If the solution is diluted with an equal 
volume of alcohol, however, then 2 or 3 drops of phenolphthalein added, 
the secondary reaction is prevented and the acid can be titrated with 
tenth-normal potassium or barium hydroxide. The insoluble potas- 
sium or barium fluosilicate separates out and is not acted upon by an 
excess of the alkali, so that a sharp end point is obtained as soon as all 
of the HaSiFe has been changed to K 2 SiF 6 . Sodium hydroxide forms a 
soluble salt so that the titration cannot be made with this reagent. 

Indirect Method of Penfieldt 

Penfield treats the solution to be titrated with an excess of KCl, 
dilutes with an equal volume of alcohol, and then titrates the hydro- 
chloric acid set free in the reaction 

HaSiFe + 2 KCl = KaSiFe + 2 HCl 

* Cf. Winteler, Z. angew. Chem., 1902, 33. 

t Greeff, Ber., 36, 2511 (1913). 

t Chem. NewSi 39, 179. ' 
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with tenth-normal sodium hydroxide solution, using cochineal as in- 
dicator. Methyl red is preferable to the cochineal. 

According to Equation II 

1000 ml normal NaOH = 24.01 g HsSiFs 

(a) Method of Sdhlbom and Einrichsen^ 

Titrate the solution at the temperature of the water-bath with 
tenth-normal sodium hydroxide solution, using phenolphthalein as 
indicator. 

(6) Method of Schucht and M oiler ^ 

Treat the solution to be titrated with an excess of neutral calcium 
chloride solution (25 ml of 4 CaCb) and titrate with tenth-normal 
sodium hydroxide, using methyl orange as indicator. The following 
reaction takes place in the cold: 

HaSiFe + 3 CaCls + 6 NaOH = 3 CaFs + 6 NaCl + Si(OH)4 + 2 H2O 

During the titration the solution remains clear, for the CaF2 and the 
Si (OH) 4 remain in colloidal solution. Phenolphthalein should not be 
used as indicator, as it is hard to decide upon the correct end point. 

In the titration of salts of fluosilicic acid, however, the titration must 
always be carried out with phenolphthalein as indicator: 

Na2SiF6 + 3 CaCh + 4 NaOH == 3 CaFg + 6 NaCl + Si(OH)4 
In this case 

1000 ml of normal NaOH = 47.01 g of Na^SiFe 

8. Determination of Organic Acids 

Methyl orange cannot be used for the titration of organic acids, but 
either phenolphthalein or litmus may be employed. If carbonic acid 
is present at the same time, the titration can be made ha a hot solution 
(cf. p. 505). It is best to dilute the organic acid with water free from 
carbon dioxide, add phenolphthalein, and titrate with half-normal 
barium hydroxide in the cold. 

To illustrate. — It is desired to analyze a sample of acetic anhydride. 
The only impurity that the distilled product is likely to contain is 
acetic acid, so that it is a question of determining the amount of acid 
and anhydride in the presence of one another. Such a problem can be 
solved only by an indirect analysis. Weigh out the mixture in a small 
glass bulb and drop it into an accurately measured volume of standard 

* Ber., 3^ 2609 (1906). 

t Ber., 39, 3693 (1906). 
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barium hydroxide solution contained in a flask which is connected with 
a return-flow condenser and a soda-lime tube at the top. Heat gently 
until the anhydride has dissolved completely; it is thereby changed to 
acetic acid 


CHsCO, 

^Od-HaO = 2CH3COOH 


which is neutralized hy the base. After the reaction is complete, 
add a drop of phenolphthaiein and titrate the excess of barium hydrox- 
ide with O.IA^ acid. Let x = weight of acetic anhydride and y the 
weight of acetic acid originally present. Then 

X y ^ p (original weight) 

mx + ^ = g (weight acetic acid after the action of water) 


and 

In these equations m 
and 


1 

X = r 

m — 1 
2 C2H4O2 _ 
C4H6O3 
1 ^ 
m — 1 


k - v) 

120.06 
^ 102.05 

5.66 


1.176 


Example. — A sample of acetic anhydride was analyzed in this way: Weight of 
sample, 0.9665 g. Used 200 ml of Ba(OH )2 solution which was equivalent to 187.8 
ml of 0.1 iV acid. After the reaction, 6.03 ml of 0.1 i\f HCl were used. Find per- 
centage of acetic acid and of acetic acid in the commercial preparation. 

Ans. 73.04 per cent acetic anhydride and 26.96 per cent of acetic acid. 

Remark . — Acetic acid anhydride is also hydrolyzed by water at the ordinary 
temperature. If a weighed amount of the substance is shaken with water in a flask 
until no more drops of anhydride are to be recognized and the acetic acid formed is 
then titrated vith barium hydroxide, using phenolphthaiein as indicator, correct 
results are obtained if the water used is entirely free from carbon dioxide. It is 
always safer, however, to carry out the determination as outlined above. 

In some factories the analysis of acetic acid anhydride is carried out by the method 
of Menschutkin and Wasiljeff. This is based upon the fact that when acetic acid 
anhydride is treated with freshly distilled aniline, acetanilide is formed in accordance 
with the following equation: 

CHs-COv 

;0 + CsHsNHa = C6H5N(C2H30)H +• CH3COOH 
CHs-CQ/ 

whereas acetic acid itself does not form acetanilide under the same conditions. 
Two or three grams of commercial acetic anhydride are shaken in a dry weighing 
beaker with 4-6 ml of freshly distilled aniline. The anhydride immediately begins 
to combine with the aniline, liberating considerable heat. After cooling, the solidified 
contents of the weighing beaker are rinsed by means of absolute alcohol into an or- 
dinary beaker, phenolphthaiein is added and the total amount of acetic acid present 
titrated with half-normal alkali. 
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We have then, using the same notation as before, 

C4He03 

= p 

mx = S' (acetic acid) 

from which can be computed 



In this equation 


and 

It is true that concordant results are obtained by this method, but they are much 
too high; indeed, as much as 14-16 per cent too high. This is due to the fact that 
although acetic acid itself does not react with aniline in the cold, it does react very 
readily when heated. When, therefore, a mixture of acetic anhydride and acetic 
acid is allowed to remain in contact with aniline, so much heat is liberated from the 
reaction between the anhydride and the aniline that a part of the acetic acid itself 
reacts and takes part in the formation of acetanilide: 

CH3CO2H + CgHsNHo - H2O 4 - Cei 

so that evidently too little acetic acid is found in the subsequent titration and 
consequently too high values are obtained for the amount of anhydride present. 

9. Detennination of Sulfurous Acid 

For the determination of sulfurous acid by itself, the analysis is best 
accomplished, as recommended by Volhard, by an iodometric process, 
i.e.^ it is oxidized to sulfuric acid. In many cases, however, it is neces- 
sary to titrate the sulfurous acid with alkali hydroxide (cf. p. 488). 
Methyl orange should be used as indicator and only one hydrogen in the 
H2SO3 is titrated: 

Titration with phenolphthalein gives approximately complete neu- 
tralization but the results are reliable only when an excess of neutral 
hydrogen peroxide is added which oxidizes the sulfurous acid. 

10. Determination of Thiosulfuric Acid* 

To a large excess of mercuric chloride (20 ml of the cold, saturated 
solution for each millimole of Na 2 S 203 ) add a measured volume of 
sodium thiosulfate solution. Shake several times and allow to stand 
5 minutes. Then to prevent precipitation of HgO, add 30 ml of 4iV 
ammonium chloride solution, and titrate with 0.1 iW sodium hydroxide 

* W. Feld, Z. angew. Chem., 24, 290, 1161 (1911); A. Sander:, ibid.j 1916, 9; 1916, 


C 2 H 4 O 2 _ 60.03 
C 4 H 6 O 3 ” 102.05 
1 


0.5SS0 


1 


= 2.42S 


16 . 
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using methyl orange as indicator: 

(а) 2 NaaSsOs + 2 HgCh = 2 HgSgOs + 4 NaCI 

(б) 2 HgSsOa + 2 H2O = 2 HgS + 2 H2SO4 

(c) 2 HgS + HgCl2 = Hg 3 S 2 Cl 2 

If too little HgCh is present, black mercuric sulfide precipitates and 
makes the titration difficult. 

Pol3i}hionates can be titrated similarly,* as the following equations 
show: 

2 K2S3O6 + 3 HgCh + 4 H2O = HgsSsCh + 4 KCl + 4 H2SO4 

2 K2S4O6 + 3 HgCb + 4 H2O = HgaSsCh + 2 S + 4 KCl + 4 H2SO4 

According to Eliasberg,t the thiosulfates and polythionates can be 
determined by treatment with a measured quantity of alkali hydroxide 
solution and neutral hydrogen peroxide, boiling to complete the oxi- 
dation, and titrating the excess of base with 0.1 iV acid. 

Na2S203 + 4 H2O2 + H2O = Na2S04 + 4 H2O + H2SO4 
Na2S406 + 7 H2O2 + 2 H2O = Na2S04 + 6 H2O + 3 H2SO4 

11. Determination of Orthophosphoric Acid 

NaH2P04 reacts acid toward phenolphthalein, and neutral toward 
methyl orange; Na2HP04 is neutral toward the former indicator and 
basic toward the latter. 

Therefore, on titrating free phosphoric acid with alkali one of the 
following reactions will take place: 

1 . H3PO4 + 2 NaOH = Na2HP04 + 2 H2O (phenolphthalein) 

2 . H3PO4 + NaOH = NaH2P04 + H2O (methyl orange) 

The first reaction is not altogether sharp, because pure Na2HP04 is 
dissociated to a slight extent, so that it becomes alkaline to phenol- 
phthalein: 

Na2HP04 + HOH ^NaH2P04 + NaOH 

To prevent this hydrolysis, the titration is hest effected in a cold, 
concentrated solution containing sodium chloride. 


* Kessler, /. prakt. Chem., 47, 42 (1849). 
t B&r., 19, 322 (1866). 
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12. Alkalimetric Determination of Phosphorus in Iron and SteeP 
1000 ml normal XaOH = 1.349 g P 

Procedure. — Weigh 2 g of steel to the nearest centigram into a 
250-ml Erlenmeyer flask, add 100 mi of 4 N nitric acid, and insert, a 
small, short-stemmed funnel into the neck of the flask. Heat until the 
sample is all dissolved and very little oxide of nitrogen is \nsible in the 
neck of the flask. Add 10 ml of 1.5 per cent K]Mn04 solution and boil 
for 2 to 3 minutes. The purpose of the permanganate is to oxidize the 
dissolved carbide and to make sure that all the phosphorus is fully 
oxidized to phosphoric acid. If no precipitate appears, add more 
permanganate and boil again. Dissolve the precipitate by adding 
a few drops of sulfurous acid, a small crystal of ferrous sulfate, or some 
5 per cent sodium thiosulfate solution. Add very little of the reducing 
agent at a time, but continue adding it, at short intervals, until the 
manganese dioxide is dissolved. If there is any appreciable silicious 
residue at this point it should be removed by filtration. Boil 2 minutes 
after the manganese dioxide has dissolved and then cool to 40°. If the 
volume of the solution is less than about 80 ml at this stage of the analy- 
sis, more 4 N nitric acid should be added. Add 40 ml of 6 N ammonium 
hydroxide in portions of 25, 10, and 5 ml, and rotate the flask until the 
precipitated ferric hydroxide redissolves. It is important that the 
solution should now assume a pale straw color and not appear at all 
red from colloidal ferric hydroxide. A red solution shows that too 
much ammonia was added and the precipitation of the phosphorus will 
be incomplete. With the solution at 35-40° add 40 ml of ammonium 
molybdate solution.! Stopper the flask with a rubber stopper and 
shake vigorously for 5 minutes; allow the precipitate to settle for 15 
minutes but in no case over half an hour. 

Filter ofl the precipitate and use a 9-cm washed fiilter paper that fits 
the funnel tightly. Wash the flask, precipitate, and paper twice with 
5-ml portions of 1 per cent HNO3 (1 ml concentrated acid to 100 ml of 
water) and then 5 times with 5-ml portions of 1 per cent KNO3 solution. 
Finally wash the paper with cold, 1 per cent KNO3 until 10 ml of the 
last filtrate will not decolorize 1 drop (0.03 ml) of 0.1 A NaOH and 1 
drop of phenolphthalein indicator solution. This usually requires about 

* The method was proposed by Hundeshagen and also by Manby but was modi- 
fied by J. 0. Handy. The above directions were obtained from the Bureau of 
Standards. 

t Stir 100 g of pure M 0 O 3 into 400 ml of cold distilled water and add 80 ml of 
concentrated ammonium hydroxide. Filter and pour while stirring into 1 1 of 6 iV 
nitric acid. Add 50 mg of microcosmic salt, and allow to stand 24 hours before 
using. Do not prepare more than a week's supply of the acid reagent at a time. 
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10 washings more than are specified above. Direct the dilute KNO 3 
solution around the edge of the filter and then spirally down, and wait 
until the liquid has drained before crashing again. 

Return the paper and the precipitate to the Erlenmeyer flask in which 
the precipitation took place, add 25 ml of w-ater, 3 drops of phenolph- 
thalein indicator solution, and, from a buret or pipet, 10 ml of 0.1 iV 
NaOH free from carbonate. This wuU be sufficient in most cases to 
dissolve ail the yellow precipitate and leave the solution alkaline to 
phenolphthalein. If necessary add more NaOH. Discharge the pink 
color by adding a measured volume of 0.1 iV HNO3 from a buret, and 
finish the titration by adding just enough more of the 01 N NaOH to 
impart a pink color to the solution. 

The chemical equation that represents the dissolving of the precipitate, with the 
solution left neutral to phenolphthalein (cf. p. 528), is the following 

(NH4)3P04-12Mo 03 + 23 OH'" 12 Mo04““ + 3 NH 4 + -h HP04'“'' + 11 H 2 O 

From this equation it is clear that 

1 P = 0 = 12 Mo 0 23 OH” 




0.001349 g of phosphorus. 

Modified Procedure of C. M. Johnson* 

Partly because an acid solution of molybdate is not very stable and is 
useful only when relatively fresh, and partly because of difficulty in the 
analysis of alloy steels to get accurate results in the presence of vana- 
dium, Johnson prefers to use a neutral solution of ammonium molybdate 
(cf. p. 531) which keeps indefinitely. 

Solutions Required 

Standard Sodium Hydroxide and Standard Nitric Acid. — If many 
analyses are to be made, it is convenient to have these solutions of 
equal concentration, approximately 0.125 iY. Since 1 ml of normal 
sodium hydroxide is equivalent to 0.001349 g of phosphorus, if a sample 
of steel is taken of which the weight in grams is 13.49 times the normality 
of the sodium hydroxide (and nitric acid), the percentage of phosphorus 
in the steel can be determined by subtracting the volume of nitric acid 
(in millimeters) from the total volume of sodium hydroxide used and 
moving the decimal point two places to the left. 

Dissolve 21 g of pure sodium hydroxide and 0.1 g of barium hy- 
droxide in 2 1 of water. Stir the solution weU, allow it to stand over 


* /. Ind. Eng. Chem., 11 , 113 (1919). 
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night, and filter, or decant off the clear solution. Dilute the soiiriion 
witli 2 1 more of water and iiiLx thuroiighly. 

Dilute S3 ml of 6 A’ nitric acid ul. 1:2) with distilled water to a volume 
of 4 1 and shake well. 

Titrate the two solutions against one another and dilute the stronger 
solution until both solutions arc equivalent. Standardize the alkali 
against pure potassium acid phthalate (ef. p. 500), using plienolplitha- 
lein as indicator. 

The standardization of the alkali should take place in the coldj 
exactly as in the analysis of the precipitate. A slight error is intro- 
duced by the action of carbonic acid in the air, but in determining the 
phosphorus in steel the result is never good to more than 3 significant 
figures, so that this error is not serious. The barium hydroxide is 
added to precipitate any carbonate in the caustic soda. The sodium 
hydroxide solution should be protected from carbonic acid as much as 
possible by keeping it in a bottle as described on p. 506. 

Ferrous Sulfate Solution. — Dissolve 25 g of ferrous sulfate or 40 g 
of ferrous ammonium sulfate in ISO ml of concentrated sulfmic acid 
and 820 mi of water. 

Strojig Permanganate. — Dissolve 25 g of potassium permanganate in 
1 1 of water. 

Nitrate Wash. — Use 1 g of potassium nitrate per liter. 

Acid Wash. — Dilute 32 ml of 6 A" nitric acid to 1 1. 

Ammonium Molybdate. — Place 55 g of ammonium molybdate and 
50 g of ammonium nitrate in a liter beaker, add 45 ml of 6A^ am- 
monia, and dilute to 700 ml. Heat with occasional stirring until nearly 
all the solid has dissolved. After standing over night decant off the 
clear solution through a double filter but do not wash the residue. 

Procedure. — Weigh out to the nearest centigram about 1.68 g of 
steel and dissolve in 45 ml of 4A^ nitric acid, heating over a low flame 
with the beaker covered, li much carbonaceous residue remains, 
filter and wash the residue 6 times with the acid wash. 

Add about 3 ml of the permanganate and boil 3 minutes to complete 
the oxidation of the phosphorus and dissolved carbides. Then add 
Just enough of the ferrous sulfate solution to dissolve the precipitated 
manganese dioxide (3 ml should be sufficient). Boil out the nitrous 
fumes and add 15 ml of 16 N nitric acid. Rinse off the cover glass and 
sides of the beaker with a little hot water, and add to the hot solution 
50 ml of ammonium molybdate solution. Stir vigorousl}^ for 2 minutes, 
and allow the precipitate to settle for 20 minutes or a little longer. 
Filter; wash the precipitate 12 times with small portions -of the nitric 
acid wash and then with the potassium nitrate wash till all acid is 



532 


VOLUMETRIC ANALYSIS 


removed. This may require 40 washings with a high-phosphorus steel. 
The washing should be done promptly without allowing the precipitate 
to remain dry for any length of time. The outside fold of the filter 
should have no sour taste when the washing is finished. 

Place the filter and precipitate in a 150-ml beaker, and add from a 
buret enough standard sodium hydroxide solution to cause the yellow 
color of the precipitate to disappear on macerating the filter to a pulp 
with a rubber-tipped stirring-rod. Dilute the solution to about 30 ml, 
add a drop of phenolphthalein, and titrate carefully with nitric acid 
until the pink color disappears. 

13. Determination of Boric Acid 

Free boric acid has no action upon methyl orange, consequently 
alkali borates may be titrated with hydrochloric and nitric acids, 
using this indicator; with sulfuric acid the results are not as satis- 
factory, for there is in this case no sharp color change. If phenolphtha- 
lein is used as the indicator, the red color fades gradually and the end 
point cannot be determined with certainty. If, on the other hand, 
sodium hydroxide is slowly run into an aqueous solution of boric acid 
containing phenolphthalein, after some time a pale pink color is notice- 
able which becomes deeper on the addition of more alkali. The first 
pink color is formed before all the boric acid has been neutralized, for 
sodium borate is perceptibly hydrolyzed. Free boric acid cannot 
be titrated by itself, but if, as proposed by Jorgensen,* a sufficient 
amount of glycerol f (or mannitol J) is added to the solution, the hy- 
drolysis is prevented, so that when 1 mole of NaOH is present for 1 mole 
of H3BO3 the solution suddenly changes from colorless to red; probably 
a stronger acid is formed by the addition of the glycerol, the glyceryl- 
boric acid (C 3 H 5020 H)B( 0 H). 

If the solution does not contain sufficient glycerol the color change 
takes place too soon, as can be shown by the addition of more glycerol. 
If the red color disappears on adding the glycerol, more alkali is added 
until it reappears. The right end point is reached when the red color 
no longer disappears on the addition of glycerol. Inasmuch as com- 
mercial glycerol reacts acid, it must be just neutralized with alkali 
before being used for this determination. Furthermore, in order to 
obtain accurate results it is necessary that the solutions should be 
absolutely free from carbonate. 

* Z, Nahrungsm. 9, 389, and Z. ang&w. Chem.j 1897, 5. 

t Z. angew. Chem., 1896, 549. 

t Jones, Am. J. Sd. [4], 7, 147 (1899). 
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Application, Determination of Boric Acid in an AlkaB Borate 
Free from Carbonate^ 

Dissolve about 30 g of the borate in water free from carbon dioxide, 
dilute to 1 1 , and determine the total alkali in an aliquot part by titra- 
tion with 0.5 N" hydrochloric acid, using methyl orange as an indicator. 
Take another aliquot part of the borate solution and exactly neutralize 
by the amount of hydrochloric acid found necessary hy the previous 
titration; by this means- the solution will contain free boric acid. 
After adding about 50 ml of glycerol for each 1.5 g of the borate, titrate 
the solution ^dth 0.1 N sodium hydroxide, using phenolphthalein as 
indicator. 'RT.en the end point is reached, add 10 ml more of glycerol, 
and this usually causes the solution to become colorless. Again add 
sodium hydroxide and repeat the process until finally the addition of 
glycerol causes no further action upon the end point. 

If the borate contained carbonate, neutralize the portion taken for 
analysis with acid as before, then boil for a few minutes, taking the pre- 
caution of connecting the flask containing the solution with a return- 
flow condenser, f After the carbon dioxide is expelled, wash down the 
sides of the condenser with water and titrate with sodium hydroxide, t 

For the determination of boric acid in the presence of mineral acid,§ 
add an excess of potassium iodide and iodate. The mineral acid reacts 
with the iodide-iodate mixture and sets free iodine (cf. p. 96), but boric 
acid does not do this. Discharge the iodine color with dilute sodium 
thiosulfate, added dropwise and avoiding an excess. Then add 1-2 g 
of mannitol and titrate with 0.1 JV" sodium hydroxide, using phenol- 
phthalein as indicator. 

If considerable mineral acid is present, neutralize the most of it with 
caustic alkali solution before adding the iodate-iodide mixture. 

Determination of Boric Acid in Insoluble Silicates 

See E. T. Wherry and W. H. Chapin, J. Am. Chem, Soc., 30, 1687 
(1908). 

14. Determination of Carbonic Acid 

(a) Determination of Free Carbonic Acid 

To determine the amount of free carbonic acid present in a dilute 
aqueous solution, add an excess of 0.1 iV barium hydroxide solution, 

* M. Honig and G. Spitz, Z. angew. Chem., 1896 , 549. 

t The condenser serves to keep back any boric acid escaping with the steam. 

X Instead of the glycerol, about 1 g of mannitol can be used to advantage. 

§ Jones, loc. cit 
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and detemiine the excess with 0.1 N HCi, using phenolphthalein as 
an indicator: 

HoCOs + Ba(OH )2 = BaCOs + 2 H2O 
1 ml of 0.1 A' HCl = 0.0022 g CO 2 

(h) Determination of Carbon Dioxide Present as Bicarbonate 

Titrate the solution with 0.1 N HCl in the presence of methyl orange: 
NaHCOs + HCl == NaCl + H 2 CO 3 
1 ml of O.IN HCl = 0.0044 g CO 2 

(c) Determination of Carbon Dioxide Present as Carbonate 

Titrate with 0.1 .¥ HCl and methyl orange: 

NaaCOg + 2 HCl = 2 NaCl + H2CO3 
1 ml of 0.1 AT HCl - 0.0022 g CO2 

Dissolve an alkaline-earth carbonate in an excess of O.IN acid and 
titrate back with O.IN acid. 

(d) Determinatio-n of Free Carbonic Acid in the Presejice of Bicarbonate 

Titrate one portion with 0.1 AT HCl, using methyl orange as indicator, 
and determine the amount of bicarbonate as under (6). 

Treat a second portion with an excess of barium chloride* then with 
an excess of barium hydroxide, and titrate the excess of the hydroxide 
with HCl, using phenolphthalein as indicator. If the volume of OAN 
acid used for the first titration is deducted from the volume of 0.1 A" 
barium hydroxide solution found to be necessary in the last titration, 
the difference multiplied by 0.0022 will give the amount of free car- 
bonic acid, t 

(e) Determination of Alkali Bicarbonate in the Presence of Carbonate 

See p. 512. 

15. Detennination of Carbonic Acid in the Air. Method of Pettenkofer 

Principle. — A large, measured volume of air is treated with an excess of titrated 
barium hydroxide solution whereby the carbon dioxide is quantitatively absorbed, 
forming insoluble barium carbonate. Phenolphthalein is added, and the excess of 
barium hydroxide is determined by titration with hydrochloric acid until the solu- 

* The addition of barium chloride is necessary only when free carbonic acid is 
titrated in the presence of alkali bicarbonates. Without it free alkali would then 
be formed: NaHCOa 4- Ba(OH )2 = BaCOa 4- H 2 O 4- AaOH. 

t This method cannot be used when magnesium salts are present. 
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tion is colorless. From the amount of base used to absorb the carbon dioxide, 
t!ie amount ui the latter is caieulated, 1 ml of X Ba.OFIi. = 0.022 g CCh = 11.13 
ml of CO- gas at 0“ and 700 mm pressure. 

Reqitiro/ivnis. — LA calibrated bottle of 54 capacity. 

2. Standard solutions of barium hyd.^oxide and hydrochloric acid. Prepare the 
a^’id so that 1 ml = 0.25 ml C(L at 0" C and 700 mm pressure; this is accomplished 
by diluting 224.7 ml of 0.1 A' hydrsjchloric acid to 1 L The barium hydroxide 
solution should be of about the same strength. 

Procedure. — Place the dry bottle, with its capacity etched upon itj in 
the space from which the air is to be taken, and by means of a bellows, 
which is connected with a piece of rubber tubing reaching to the bottom 
of the bottle, change the air in the bottle by making about 100 strokes 
with the bellows. Stopper the bottle with a rubber cap, and note the 
temperature and barometer readings. 

By means of a pipet, introduce 100 ml of barium hydroxide solution 
into the bottle, replace the rubber cap, and gently shake the solution 
back and forth in the flask for 15 minutes. Pour the turbid liquid into 
a dry flask, pipet out 25 ml, add phenolphthalein, and slowly run in 
hydrochloric acid with constant stirring until the solution is colorless. 
This requires n milliliters, so that for the 100 ml of base, 4 X milliliters 
would be necessary. Determine the strength of the barium h^^droxide 
in terms of acid; 25 ml of barium hydroxide neutralize T milliliters of 
the standard hydrochloric acid, or 100 ml would neutralize 4 X T milli- 
liters of acid. 

Calculation. — Assume the contents of the bottle to be Y milliliters 
at T° C and B millimeters pressure. By the introduction of 100 ml 
barium hydroxide solution the same volume of air was replaced, 
so that the amount of air taken for analysis amounts to {V — 100) 
milliliters at f C and B millimeters. At 0° C and 760 mm pressure the 
volume is 

, _ (7 - 100) B X 273 
760 X (273 + 0 

100 ml of barium hydroxide solution require 4 T milliliters HCl, 
while 100 ml of the alkali after treatment with 7o milliliters of air 
require 4 n milliliters of the acid and this corresponds to 4 (T — n) • 0.25 
= {T ~ n) milliliters CO 2 at 0° C and 760 mm pressure. 

The volume of CO 2 present in 1 1 of air measured at standard con- 
ditions amounts to ^ milliliters of CO 2 . 
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16. Persulfuric Acid 

1000 ml of 0.1 N Potassium Hydroxide = - • = 13.52 g K 2 S 2 OS 

If an aqueous solution of either potassium, sodium, or barium persulfate is boiled 
for some time, the salt is decomposed in accordance with the equation: 

2 KoSoOs -h 2 H2O = 2 K2SO4 + 2 H2SO4 + O2 

into neutral sulfate and free sulfuric acid. The acid can be titrated with 0.1 iV 
potassium hydroxide solution. 

Procedure. — Place about 0.25 g of the persulfate in an Erlenmeyer 
flask, dissolve in about 200 ml of water, and boil the solution for 20 
minutes. Cool, add methyl orange, and titrate the solution with 0.1 iV 
potassium hydroxide. Or add an excess of the alkali and titrate with 
0.1 iV acid. 

The results correspond with those obtained by the ferrous sulfate 
method (cf. p. 572) provided the persulfate is not contaminated with 
potassium bisulfate. 

Remark — Ammonium persulfate cannot be analyzed by the above method 
because when a solution of this salt is boiled, two reactions take place. The principal 
reaction, to be sure, is 

2 (NH4)2S20a + 2 H2O = 2 (NH4)2S04 + 2 H2SO4 -f O2 

but the oxygen is evolved to some extent in the form of ozone, which oxidizes a 
part of the nitrogen, so that besides sulfuric acid, the solution will contain more 
or less nitric acid: 

8 (NH4)2S208 + 6 H 2 O = 7 (NH4)2S04 + 9 H 2 SO 4 + 2 HNO 3 

II. OXIDATION AND REDUCTION METHODS 

Oxidation and reduction reactions are those in which the substance 
analyzed is either oxidized or reduced by means of the solution with 
which the titration is made. When hydrogen is oxidized by oxygen 
it is changed from the neutral condition to that of a positive valence (or 
polarity) of 1 and oxygen is reduced from the neutral condition to a 
negative valence (or polarity) of 2. In this, and all other cases, the 
equivalent weight of the element used in an oxidation-reduction reaction 
is the atomic weight divided by the change in polarity. When an atom 
in any complex molecule is subjected to a change in polarity (oxidized or 
reduced) the equivalent weight of the molecule is the gram-molecular 
weight divided by the change in 'polarity of the oxidized or reduced ele- 
ment. If more than 1 atom of the reactive element is present in the 
molecule, the molecular weight is divided by the total change in polarity, 
that is, by the change in polarity multiplied by the number of atoms 
undergoing such change (cf. p. 475). 
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Electrochemical Theory of Oxidation-Reduction 

In considering the reactions of oxidation-reduction it is useful to 
prepare a table to show the relative strengths of the various oxidizing 
and reducing agents. Just as all acids and bases can be classified in a 
common table on the basis of the ph values, so it is possible to prepare a 
single table which will show the tendency of each substance to undergo 
oxidation or reduction. Such a table can be called a potential series. 
It has been called a table of oxidation potentials. Just as we could use 
the concentration of OH" as a basis of comparing dilute solutions of 
acids and bases instead of the concentration of because the product 
[H+] X [OH ] is qqual to in every solution at roona temperature, 
so we can call the table one of reduction •potentials since oxidation is just 
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the opposite to reduction and all we have to do is to change the sign. 
In some text-books, the same table is called one of electrode potentials. 
Whatever the table may be called, it is customary to place the strong 
reducing agents at the top of the table and end with the strong oxidizing 
agents. Thus, in considering the free elements with respect to their 
tendencies to undergo oxidation or reduction, we place the alkali metals 
at the top of the list and the non-metal oxygen followed by fluorine at 
the bottom. 

It has already been pointed out that a substance is said to be oxidized 
or reduced when some atom it contains has undergone a change in po- 
larity. Oxidation results when the polarity is increased, and reduction 
when the polarity is decreased. In terms of the electron theory, an 
increase in polarity means the loss of one or more electrons by an atom. 
Our definition of oxidation, therefore, has lost its original significance 
of necessarily having something to do with oxygen. The atom of 
oxygen is believed to consist of a nucleus around which eight electrons 
are circulating, probably in elliptical orbits. The path of the first two 
electrons, like that of the electrons around the helium nucleus, lies closer 
to the nucleus than that of the other six electrons, and we say that oxy- 
gen belongs in Family VI of the periodic table. When oxygen enters 
into combination with another element to form an oxide other than a 
peroxide, it accepts two electrons from the other element. Even if 
there is no ionization of the oxide molecule, it is reasonable to assume 
that the oxygen is negative with respect to the other element and that it 
has become negative by receiving electrons. Thus, in the water mol- 
ecule, we are accustomed to think of the hydrogen as being positive to 
the oxygen although the electron of each hydrogen atom may be merely 
shared with the oxygen. Whenever, therefore, any atom gives up one 
or more of its electrons to some other atom, or even if it merely shares 
one or more of its electrons with some other atom, the atom to which 
the electron or electrons originally belonged is said to be oxidized and 
the element offered the electron is said to be reduced. 

This electronic conception of oxidation and reduction makes it easy 
to see why an oxidation is always accompanied by a reduction. A 
transfer of electrons takes place whenever an electric current flows 
through an aqueous solution containing an electrolyte. At the anode, 
where electrons pass from the solution to the wire, some substance is 
oxidized. This oxidation may be the liberation of oxygen gas, the libera- 
tion of halogen gas, the dissolving of a metal electrode, the deposition of 
a higher oxide such as Pb02 or Mn02 upon the anode, or the oxidation of 
some substance present in the electrolyzed solution such as a ferrous salt. 
At the same time that an oxidation takes place at the anode, electrons 
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enter the solution at the cathocle and a reduction takes place. This 
reduction may be the deposition of copper upon the eatliOile, the libera- 
tion of hydrogen gas, or the rediietioii of some subsiance in soiuiiuii siieii 
as ferric salt, periiianganatc, or eliromaUe. The only difference between 
oxidation and reduction that take place solely as a result of eiieiuical 
reaction and oxidation and reduction during electrolysis is that take 
place side by side in the chemical reaction whereas during eleeiroij’sis 
they may take place at some distance apart, hloreoverj a chemical 
reaction of oxidation-reduction can be used as a source of an electric 
current. 

If we place a piece of zinc in a solution of zinc sulfate and a piece of 
copper in a solution of copper sulfate and connect the two solutions by 
means of an inverted U-tube containing ammonium chloride solution, 
there will be no appreciable reaction until the copper and zinc are con- 
nected by a wire outside the solutions. Then a current will flow, 
electrons will pass from the wire to the solution and deposit copper, 
and electrons will leave the zinc and pass to the wire, forming zinc ions 
in the solution. The zinc, according to our definition, is oxidized and 
the copper is reduced; the two reactions take place simultaneously, and 
the effect is the same as if the piece of zinc were placed directly in the 
copper sulfate solution except that in that case we could not get any 
evidence of an electric current. So in precise!}^ the same way we can 
produce an electric current by making use of the reaction between po- 
tassium dichromate and some substance that it oxidizes, such as hydro- 
gen sulfide or ferrous chloride. To get the electric current in a wire, we 
must place the acid solution of dichromate in one vessel and the hydro- 
gen sulfide or ferrous salt in another. We must provide some indifferent 
electrolyte between the two solutions, and place an insoluble electrode 
in each solution. Then, as soon as the electrodes are connected by a 
wire, a current wifi flow. The dichromate will be reduced in one vessel 
and the hydrogen sulfide or ferrous salt will be oxidized in the other, and 
the final effect will be exactly the same as if the dichromate solution were 
added directly to the solution of the ferrous salt. 

The potential series of the elements, therefore, can be expanded to 
include almost every reaction of oxidation or reduction, although, to be 
sure, it is sometimes difficult to measure the electrode potentials and 
many of them are not known with any degree of exactness. The meas- 
urement of the potentials is usually accomplished by measuring the 
potential difference between two electrodes choosing as one electrode 
a standard half-cell of definitely known potential. 

These potentials enable one to predict whether a given oxidation is 
likely to take place to completion so that it can be used in quantitative 
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analysis. They do not tell, however, whether the speed of the reaction 
is sufficiently high to make the process satisfactory. Thus perman- 
ganate should be able to oxidize the reduced forms of substances listed 
about 0.15 volt higher in the table, but often the reaction takes place too 
slowly, as in the reaction with oxahc acid at room temperature. The 
presence of a catalyst is often needed. 

The mass-action law applies to every oxidation-reduction reaction, 
and it is important that the beginner should understand such applica- 
tion. The potential of a metal against a solution of its ions is governed 
by the mathematical expression 

„ „ 0.058 , 

Ei& = Eo log c 

n 

when Eis is the observed electrode potential at 18°, Eq is the potential 
given in the table (corresponding to the potential of the metal in a molal 
solution of its ions), n is the change in polarity, and c is the concentration 
of the ions expressed in moles per liter. The value 0.058 is a constant 
which varies with the absolute temperature; at 25° it is 0.059. The 
equation shows that the observed potential goes upward by 0.058 volt 
for a change of valence of one, or 0.029 volt for a valence change of 
two, when the concentration of the ions in the solution is 0.1 molal 
instead of molal. This means that the metal is easier to oxidize when 
the solution does not contain many of its ions and harder to deposit by 
electrolysis. 

The student may notice that the above equation is often written with a positive 
sign on the right-hand side. This is because physicists and many chemists are 
accustomed to caU the potentials negative at the top of the table and positive at the 
bottom with hydrogen at 0.00. It is purely arbitrary whether a given potential is 
called positive or negative with respect to hydrogen, and depends entirely on the 
definition of what is meant by positive. The chenoist usually thinks of the elements 
at the top of the column as positive elements, but in making up an electrolytic cell, 
the positive to negative direction of the current in the wire is always from the lower 
to the higher member of the series. Thus in the Daniell cell, the physicist considers 
the zinc immersed in zinc sulfate solution as the negative element and the copper 
immersed in copper sulfate solution as the positive element. Zinc is positive to 
copper in the solution, and copper is positive to zinc in the wire. In this book, 
therefore, the potentials given are reduction potentials, and if the sign before each 
value is changed the table becomes one of oxidation potentials. In the latter case 
the above equation becomes 

®i8 = JSo + ^^logc or Eu = E, 
n 

The following table gives the reduction potentials of some of the 
common substances which easily undergo oxidation or reduction. Some 
of the potentials are not known exactly, but the relative position in the 
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table is approximately that given. The values of E7o are for the case 
when the concentrations of both the oxidized and reduced forms are 
equal to 1 molai. If the hydrogen ion enters into the reaction; the 
values correspond to the presence of sufficient hydrogen ions to make the 
solution molai. The concentration of w^ater is assumed to be constant 
and not changed appreciably by the progress of the reaction. The 
letter e in the equilibrium expressions represents a gram-electron ” or 
electricity corresponding to 1 faraday = 96;500 coulombs or 26.82 
ampere-hours. 

The electrode reaction for a simple case of oxidation-reduction in which 
no other substance participates can be written 

Ox + ne^ Red 


when Ox represents the oxidized form; Red, the reduced form, n the 
change in polarity; and e the electron (faraday in case of the gram- 
atom). The equilibrium between a metal and its ions is a special case 
in which the metal represents the reduced form; and since the metal as 
such is insoluble in water, its concentration does not enter into consider- 
ation. The equilibrium is the same whether we take a wire or a thick 
rod of the metal. If, however, the substance exists to an appreciable 
extent dissolved in the solution, the concentration of both Ox and Red 
has an effect upon the final state of equilibrium. Expressing these 
concentrations in moles per liter as [Ox] and [Red], the expression for 
the normal potential becomes 


Eis — Eq — 


0.058 , 
— 


M 

[Red] 


The value Eq is that given in the table where it is assumed that each 
concentration is that of a molai solution. Then since [Orr] = [Red] and 
the log of 1 = 0; the second term disappears and Eis = Eq. 

If hydrogen or hydroxyl ions take part in the reaction they also 
influence the final state of equilibrium. Thus, in the reaction H 3 ASO 4 + 
2 H+ + 2 e ^ HsAsOs + H 2 O; the potential is determined by the 
equation: 


0.058, raaAsOjm 
Eo 


and in the reaction Mn 04 “ + 8 H+ + 5 e Mn-^ + 4 H 2 O the poten- 
tial is determined by the equation 


Eis = Eq — 


0.058 , 
-^log 


[Mn04"] [H+]s 
n\/rr.++i 
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In these last two cases it is not necessary to take the H 2 O into con- 
sideration because when the reaction takes place in a dilute solution the 
concentration of the water does not change appreciably as a result of the 
progress of the oxidation and reduction. The concentration of the 
hydrogen ions determines the final state of equilibrium to a marked 
degree in the above reactions. Thus, in a strongly acid solution, 
arsenic acid can be reduced quantitatively to arsenious acid by means 
of potassium iodide, but in a slightty alkaline solution, arsenite can be 
oxidized completely to arsenate by iodine. The above arsenate-arsenite 
equation can be written 


0.058 [HsAsOJ 

2 [HsAsOs] 


0.058 


log [H? 


and in this form can be used to calculate the effect of changes in hy- 
drogen-ion concentration or to calculate the effect of changes in the 
[HsAsOJ to [HsAsOs] ratio at a definite concentration of hydrogen ions. 

With permanganate, the reduction products are different at different 
concentrations of hydrogen ions. Thus in acid solutions, Mn*^ is the 
usual product; in neutral or slightly alkaline solutions ]\In 02 is usually 
formed; and in strongly alkaline solutions green Mn 04 ~" is sometimes 
obtained. 


Oxidation Methods 

A. Potassium Permanganate Methods 

Manganese, from the standpoint of oxidation-reduction reactions, is an interesting 
element. The potentials relating to the various valence states are given in the 
following table: 


Reaction Volts 

(а) Mn = Mn-^ + 2 e +1.1 

(б) Mn 04 ““ = MnO^" + e -0.66 

(c) MnOa + 4 OH" = MnOr + 2 H 2 O + 3 e -0.69 

(d) MnOs + 4 OH" = MnOr" + 2 H 2 O + 2 e -0.71 

(e) Mn+++ + 2 H 2 O = MnO. + 4 H+ + e -1.2 

(/) Mn++ + 2 H 2 O = M 11 O 2 + 4 H+ + 2 € -1.33 

(g) Mn++ = Mn+++ + e -1.5 

(/i) Mn-H- + 4 H 2 O == +8H+ + 5 6 -1.52 

{i) MnOs + 2 H 2 O = MnOr + 4 H+ + 3 e -1.63 


In the table, the Greek letter e signifies the electron, or the transfer of one faraday 
(96,500 coulombs) if the gram-atom or gram-molecule is understood. Black-faced 
type signifies that the substance as such is insoluble. 

The formation of a manganous salt from metallic manganese is indicated by 
equation (a). The normal potential of 1.1 volts indicates that the metal is oxidized 
a little more easily than zinc and somewhat less readily than aluminum (which is 
unprotected ‘by an oxide film). Dilute acids, therefore, dissolve the metal with 
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evolution, of hydrogen and formation of bivalent manganous salt. Nitric acid, 
aqua regia, or halogens in the presence of a strong acid are incapable of oxidizing 
the manganous salt. The bivalent manganous salts, although slightly colored in 
the form of hydrated crystals, yield colorless solutions. 

Salts of trivalent manganese, called manganic salts, are known but they are not 
very stable. Equation (e) shows that it is possible under some conditions to form 
a manganic salt from manganese dioxide and leads one to expect that it ought to be 
possible to oxidize a manganic salt to manganese dioxide in the presence of alkali 
hydroxide or the salt of a weak acid, because, since hydrogen ions are liberated when 
manganic salt is oxidized, the reaction should take place more readily if the hydrogen 
ions are removed as fast as they are formed. The potential of reaction (g) in the 
table indicates that manganic salts are easily reduced to manganous salts in the 
presence of acid. 

Some salts of quadrivalent manganese are known. Thus, cold concentrated 
hydrochloric acid will slowly dissolve manganese dioxide, forming manganese 
tetrachloride. Complex salts, such as K2MnF6 and K2MnCl6, have been prepared. 
These salts, however, are not stable and are of little interest to the analytical chemist. 
The dioxide, Mn 02 , occurs in nature as the mineral pyrolusite which is the most 
important source of all manganese compounds and can be regarded as the anhydride 
of manganous acid, HoMnOs, which is knowm to have salts called manganites. 
The potential of reaction (c) in the above table indicates that it ought to be possible 
to form Mn04'" from Mn02, and conversely that Mn02 can be expected to be formed 
as a reduction product w'hen permanganate acts as an oxidizer. Potassium per- 
manganate is much used for the oxidation of many organic compounds in neutral 
or alkaline solutions, and Mn02 is the reduction product that is usually formed. 
The potential of reaction (d) shows that Mn 02 in alkaline solution should be converti- 
ble into a manganate, such as Na2Mn04. All manganese oxides, on being fused with 
caustic alkali or alkali carbonate in the air or in the presence of some oxidizing agent 
such as potassium nitrate, are converted into green alkali manganate, and this re- 
action has frequently been used as a sensitive test for manganese. Usually the pre- 
cipitate of manganous hydroxide produced by adding sodium hydroxide to the solu- 
tion of a manganous salt is fused with sodium carbonate on platinum, and if the melt 
assumes a green color, the presence of manganese is indicated. The potential of 
reaction (f) shows that manganese dioxide is a good oxidizing agent, and this corre- 
sponds to the fact that w^e can dissolve it by treating with acid and any good reducing 
agent, such as a ferrous salt, an oxalate, a sulfite, or hydrogen peroxide. With hot 
concentrated hydrochloric acid, chlorine is formed. 

MnOo + 2 Fe++ + 4 H+ = Mn++ -f 2 Fe+^ + 2 HgO 
MnO. + C204~'" + 4 H+ = Mn++ + 2 CO2 + 2 H2O 
MnOa + H2O2 + 2 H+ = Mn++ + O2 + 2H2O 
M11O2 + 2 HCl - MnCls + CI2 

Aside from its characteristic color and use as a qualitative test, the green manga- 
nate anion Mn04 ” is of little interest to the analytical chemist. Equations (k) 
and (i), however, show that the reduction potential of the manganate anion is close 
to that of the permanganate anion. Sometimes, in the analysis of duplicate samples, 
the chemist finds after an oxidation treatment that one sample is green, showing the 
presence of manganate, and the other is purple owing to the formation of per- 
manganate. 

Permanganate ions, Mn04'', have such a strong color that a single drop of a 
tenth-normal permanganate solution will impart a perceptible color to 500 ml of 
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another solution. Permanganatej therefore, is its own indicator. In most oxida- 
tions with permanganate that take place in acid solutions, the permanganate anion 
is reduced to colorless manganous cations and the reduction potential of the per- 
manganate under those conditions is shown by equation (h) in the table on p. 543- 
In a nearly neutral solution, however, permanganate is capable of oxidizing man- 
ganous ions to the quadrivalent state, to which it is itself reduced. This is the 
so-called Volhard titration. 

3 Mn-+ -h 2 iMn04" -b 2 HoO = 5 MnOa + 4 

The potential values given on p. 543 should not be regarded as absolutely accurate. 
The measurement of some of these potentials is difficult, and sometimes it is hard 
to prevent some side reaction from taking place. The w’ork performed in any 
chemical reaction of oxidation-reduction can be measured in joules or watt-seconds, 
that is, by multiplying the quantity of electricity involved by the voltage showm. 
If manganese from any valence is converted into manganese at some other valence, 
the 'work performed is theoretically the same whether the oxidation takes place aU 
at once or in several stages. This enables one to compute some of the potential 
values in the table on p. 543 from other values that are given. In making such (X)m- 
putations, the signs before the voltages in the table merely indicate vchich direction 
the current is moving; it is purely arbitrary whether the signs are made positive or 
negative, and physicists in general use the opposite signs to those given in the table 
because they are thinking of the direction of the current in the wire whereas the 
chemist is thinking of the direction of the current in the solution, as has already been 
pointed out. To show how computations can be made, the following illustration 
will serve: 

Reaction (/) on p. 543 represents the oxidation of bivalent manganese to the quadri- 
valent state. Reaction (i) covers the oxidation of quadrivalent manganese to the 
septavalent state, and reaction (h) the oxidation of bivalent manganese directly to 
the septavalent state. In other w'ords, reaction (h) represents the sum of reactions 
(/) and {i), and the work done is theoretically the same whether the reaction takes 
place in the two stages or all at once. 

Energy is composed of two factors, an intensity factor and a capacity factor. 
The work done is measured by the product of these two factors. Thus, in measuring 
the work done in compressing a gas, we must take into consideration the change in 
volume (capacity factor) and the pressure (intensity factor), and the w*ork done is 
measured by multiplying the pressure by the volume. In electrical units, the work 
done is measured by multiplying the amount of electricity moving (expressed in 
coulombs, ampere-seconds,, or ampere-hours, etc.) and the potential difference 
(expressed in volts). In all the reactions given in the table on p. 543, therefore, the 
work done or, as it is sometimes expressed, the change in the free energy, is propor- 
tional to the number of electrons liberated multiplied by the voltage shown. Thus 
in equation (a) the work done is proportional to the product 2 X 1.1. In the oxida- 
tion of a gram-atom of manganese from the metallic to the manganous state, two 
faradays of electricity (2 X 96,500 coulombs or ampere-seconds or 2 X 26.82 
ampere-hours) are involved, and the potential drop is 1.1 volt. 

Then, wdth respect to equations (f), (i), and (h) in the table on p. 543, if we call the 
respective voltages z’l, i% and i% we have 

2 vi + 3 i'2 = 5 vz 

and if two of these values are known, the third can be computed. In such compu- 
tations, it should be borne in mind that none of the values given in the table is to be 
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regarded as absolutely correct. Whatever errors there may be in. the values given 
for vi, Vo, and are multiplied by 2, 3, and 5, respectively, so that the result of the 
calculation may differ a little from the value given. Thus 
2 X -1.33 + 3 X -1.63 = -7.55 

but 5 times the value given for vs in the table is 5 X —1.52 = 7.60, and this is as 
near as such computations can be expected to check. In this particular ease, it is 
well to note that reaction (h) is the sum of reactions (J) and (i) and not the sum of 
reactions (c) and (/). Reaction (c) is very similar to reaction (t) but refers to a 
solution which is normal in OH“ whereas the latter refers to one which is normal 
in H+ 

When potassium permanganate acts as an oxidizing agent in distinctly acid 
solution, the manganese is reduced from a positive valence of 7 to a positive valence 
of 2 — the manganese atom accepts 5 electrons from the substance oxidized: 

Mn 04 ~ + 8 H- + 5 € = Mn++ + 4 H 2 O 

The equivalent weight of potassium permanganate, or the quantity required to 
make 1 1 of normal solution, is, therefore, one-fifth of the molecular weight. In 
many reactions which take place in neutral or alkaline solutions, a precipitate of 
manganese dioxide is formed corresponding to a reduction to the quadrivalent state, 
but since a solution of potassium permanganate is usually standardized in acid 
solution with complete reduction of the manganese to the bivalent state, it is custom- 
ary to express the normality of permanganate on this basis. 

The following equations represent the action of permanganate on some of the 
common substances which are oxidized quantitatively by it: 

Mn 04 ’ + 5 Fe++ + 8 H+ = Mn++ + 5 Fe+++ + 4 H 2 O 
2 Mn 04 ~ + 5 0204 ““ + 16 H+ 2 Mn-H- 4- 10 CO 2 + 8 H 2 O 
2 Mn 04 ” + 5 Sn++ + 16 H+ 2 Mn++ + 5 Sn++++ + 8 H 2 O 
2 Mn 04 “ + 10 r + 16 H+ ->2 Mn++ -j- 5 I 2 + 8 H 2 O 
2 Mn 04 " + 3 Mn++ + 2 H 2 O 5 Mn02 + 4 H+ 

2 Mn04" + 5 H 2 O 2 + 6 H+ -^2 Mn++ + 8 H 2 O + 5 O 2 T 

When potassium permanganate acts as an oxidizing agent in dis- 
tinctly acid solution, the manganese is reduced from a valence of +7 
to +2, corresponding to a loss of 5 charges in polarity. A normal solu-;| 
tion of permanganate, therefore, contains J- mole of KMn 04 = 31.61 g .4 

For most oxidation analyses 0.1 iV and rarely 0.5 Af solutions are used, t 

The Preparation of 0.1 N Potassium Permanganate Solution 
was described on p. 101. 

Standardization of Permanganate Solution 

1. Against Sodium Oxalote (Sorensen)* 

1000 ml of 0.1 AT permanganate solution = 6.700 g Na 2 C 204 

Sodium oxalate suitable for standardizing solutions can be obtained 
from the Bureau of Standards at Washington, D. C. This is the most 


* Z. anal. Chm., 42, 352, 512 (1903); 46, 272 (1906). 
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reliable standard of all those that have been proposed. Dry the sample 
for an hour at 130^. For the standardization AlcBride recommends'^ 
the following procedure. 

In a 400-ml beaker, dissolve 0.25-0.3 g of sodium oxalate in 200-250 
ml of hot water (80-90'^) and add 10 ml of ISA" sulfuric acid. Titrate 
at once wdth OAN KAln04 solution, stirring the liquid vigorously and 
continuously. The permanganate must not be added more rapidly 
than 10-15 mi per minute, and the last 0.5-1 ml must be added drop- 
wise with particular care to allow each drop to be fully decolorized 
before the next is introduced. The excess of permanganate used to 
cause an end-point color should be estimated by matching the color in 
another beaker containing the same bulk of acid and hot water. The 
temperature of the solution should not be below 60° by the time the 
end point is reached; more rapid cooling may be prevented by allowing 
the beaker to stand on a small asbestos-covered hot plate during the 
titration. The use of a small thermometer as stirring-rod is most 
convenient in these titrations, as the variation of temperature is then 
easily observed. 

Two positive charges are required to oxidize the 0204= ion to CO2 gas. 

C204= - 2 € = 2 COo 

It is evident, therefore, that the equivalent weight of the oxalate anion 
acid is J mole. 

2. Against Oxalic Acid 

Owing to its water of crystallization, oxahc acid, H2C204-2H20 is not 
as reliable a standard as the sodium salt. Its equivalent weight is | mole 
= 63.03, the same as when it acts as an acid. 

It is sometimes desirable to check up the oxidimetric and alkalimetric 
standards; and oxalic acid, potassium binoxalate, and potassium tet- 
roxalate either as dry salt or in solution can serve for this purpose. 
The method of titrating is the same as in 1. The equivalent weights of 
these three substances . are quite similar as reducing agents but very 
different as acids. Thus in a liter of aqueous solution the tabulated 
relationships hold. 


Weight per liter 

Normality 
as Acid 

Normality 
as Reducer 

0.5 mole = 63.03 gH 2 C 204 * 2 H 20 

IN 

IN 

0.5 mole = 64.06 gKHC 204 

0.5 N 

IN 

0.25 mole = 63.54 gKHC204-H2Cj04-2H20 

0.75 N 

IN 


' J. Am. Chem. Soc., 34, 393 (1912). 
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3. Against Metallic Iron 

It was formerly the general practice to standardize 
against iron wire, particularly when the standard solution 
used for the titration of iron ores. The practice is not to be 
mended because of the readiness with which the material rusts 
because a low carbon content influences the results, not always in the 
same way. If, however, a solution of permanganate is standardized 
against sodium oxalate and also against iron wire, then the apparent 
iron value of the wire is known and it can be used as a standard. 
The method is as follows. 

Weigh out 0.2 g of the wire into a 200-250-ml flask as shown in Fig. 
111. Displace the air by introducing a stream of carbon dioxide, which 
has passed through a bottle containing water and another containing 
copper sulfate solution (to remove H 2 S). Dissolve the wire in 55 ml 
of 3.6 W sulfuric acid. During the dissolving of the wire, support the 




flask as shown in the drawing, and with the gas-exit tube closed with a 
rubber stopper which is connected with a Bunsen valve.* Heat the 
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contents of the flask by means of a low flame until the wire has all 
dissolved, then boil the solution gently for a short time. Allow to 
cool, remove the stopper, and titrate with permanganate. 

Instead of using a Bunsen valve, the Contat-Gockel valve may be used as shown 
in Fig. 112. The funnel contains a cold, saturated solution of sodium bicarbonate, 
through which the hydrogen from the flask passes. When the flame is removed 
sodium bicarbonate solution is draTO into the flask, and this causes the evolution 
of carbon dioxide, which prevents the entrance of more of the solution. 

4. Against Sodium Thiosulfate 

See lodometry. 

5. Against Hydrogen Peroxide 

See Gas Analysis. 

6. Against Ferrous Ammonium Sulfate 

(NHOsSOrFeSOrBHaO 

Mohr proposed the use of this salt as a standard and it can be pur- 
chased in a high state of purity. The equivalent weight is 392.14 
or nearly 6 times as large as that of sodium oxalate. This makes it 
easier to weigh out a sample accurately to 4 significant figures. The 
substance is not as reliable a standard because of the danger of losing 
water of crystallization and of oxidizing. Thus a sample weighed out 
and allowed to stand in a moist beaker for some time is likely to undergo 
partial oxidation. The best way to determine whether a sample is 
suitable is to check up the standardization values obtained with this 
substance and with sodium oxalate. The gravimetric determination of 
the iron content is likely to lead to error; usually the values for iron are 
found a little too high and this gives low results in the standardization. 

Procedure. — For the standardization of 0.1 A permanganate, weigh 
out samples of about 1.5 g to 4 significant figures. Add 10 ml of 18 A 
sulfuric acid, dilute to 100 ml, and at once titrate. 

Permanence of Potassium Permanganate Solutions 

A pure permanganate solution will keep indefinitely, provided it is 
kept free from dust and reducing vapors.* For very accurate work, 

which is sealed at one end, and has a hole on one side. This tube serves to prevent 
the collapse of the rubber tubing at the place where the slit is formed. 

* In June, 1899, 1 ml of a KMn 04 solution = 0.005485 g Fe; in March, 1900, 
1 ml of the KMn 04 solution = 0.005476 g Fe. See also Morse, Hopkins, and 
Walker, Am. Chem. 18 , 401. 
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however, it is advisable to standardize the solution frequently. The 
addition of 10 g caustic potash per liter increases the stability of the 
solution. 


Uses of Permanganate Solution 
1. Determination of Iron 
(a) Method of Margueritte (1846) 

f 0.005584 g Fe 

1 ml of 0.1 A" KMn04 corresponds to | 0.007184 g FeO 

I 0.007984 g FesOs 

In this determination the iron is oxidized from the ferrous to the ferric 
condition: 

2 KMnO4+10 FeS04+8 H2S04=K2S04+2 AInS04+5 Fe2(S04)3+8 H2O 

To each 100 ml of the ferrous salt solution add 5 ml of sulfuric acid, 
and at a volume of about 400 ml titrate in the cold by adding potassium 
permanganate from a buret with glass stopcock until a permanent pink 
color is obtained. 

This determination affords very accurate results and is unquestion- 
ably one of the best methods for determining iron. 

TITRATION OP FERROUS SALTS IN -HYBROCHLORIC ACID SOLUTION 

The titration of iron in hydrochloric acid solution gives high results 
unless particular precautions are taken. If dilute permanganate solu- 
tion is allowed to run into a cold dilute solution of ferrous chloride con- 
taining hydrochloric acid, the permanganate is decolorized and the iron 
is oxidized, but there is noticeable evolution of chlorine.* More per- 
manganate is used than is necessary to oxidize the ferrous salt to the 
ferric condition. 

If, however, permanganate is run into cold, dilute hydrochloric acid, 
in the absence of ferrous salt, there is no evolution of chlorine. Fur- 
thermore, the presence of a ferric salt does not cause evolution of chlo- 
rine. The chlorine, therefore, is not a result of the direct action of the 
permanganate upon the hydrochloric acid, but is probably due to the 
oxidation of the ferrous ion to an unstable state of oxidation corre- 
sponding to a perchloride, a peroxide, ferric acid, or perferric acid. 

When permanganate is run into a dilute hydrochloric acid solution 
containing ferrous chloride and considerable manganous salt, the fer- 


Lowenthal and Lenssen, Z. anal. Chem., 1863, 329, 
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rous iron is oxidized quantitatively to ferric iron and there is no evolu- 
tion of chlorine. Tiiis was shown by Kessler* in 1863 and by Zinuner- 
mannt in 1881. It has since been confirmed by many other chemists.| 

This can be explained as follows: Permanganate ions react with 
manganous ions to form, as Volhard§ proved, quadrivalent manganese. 
In this state of oxidation, manganese is unstable in acid solution, but 
it is reduced more readil}^ by ferrous ions than by chloride ions. 

Zimmermannjl suspected, and Manchot's^ experiments confirm this 
\dew, that iron like manganese has a tendency to form unstable com- 
pounds as primary oxidation products. If such a compound is formed 
in the presence of manganous ions, the iron will give up its excess 
charge to manganous rather than to chloride ions, provided sufficient 
manganous ions are present. 

According to Manchot there is a tendency in all oxidations to form 
an unstable compound as the primary oxidation product. When 
hydrogen burns in air, a little hydrogen peroxide is formed; when sodium 
burns, sodium peroxide results. In most cases, these primary products 
are unstable and cannot be isolated because of the readiness with which 
they are reduced to a more stable condition. When an acceptor*’^ is 
present it will take up the excess charge which is lost when the primary 
product is reduced; in aqueous solutions in the absence of any other 
acceptor, free oxygen is evolved. 

According to the method of oxidation, iron tends to form different 
primany states of oxidation. In the direct oxidation of iron by oxygen, 
the primary oxide appears to be Fe 02 ; in the oxidation by means of 
permanganate, chromic acid, or hydrogen peroxide, the primary oxi- 
dation product appears to contain iron with a valence of 5, whereas 
iron with a valence of 6 is probably formed if hypochlorous acid is the 
oxidizer. 

Potassium permanganate according to Manchot first causes the 
formation of quinquevalent iron. If sufficient manganese ions are 
present, these play the part of acceptor, but otherwise, in hydrochloric 
acid solution, some chlorine is formed: 

* Pogg, Ann., 118, 779, and 119, 225. 

t Ber., 14, 779, and Ann. Chem, Pharm., 213, 302. 

t For example, J. A. Friend, J. Chem.Soc., 95, 1228 (1909). C. C. Jones and J. H. 
Jeffery, The Analyst ^ 34, 306 (1909). 

§ Ann. Chem. Pharm.j 198, 337. 

II Ber.y 11, 779, and Ann. Chem. Pharm.j 213, 302. 

% Ann. Chem. Pharm., 325, 105 (1902). 

** An acceptor is a substance which is not oxidized by oxygen alone, but can be 
oxidized by the aid of some other substance present called an auto-oxidator. A 
substance which tends to be peroxidized may play the part of an acceptor. Cf, 
Engler, Ber.j 33, 1097 (1900). 
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3 Mn 04 ' + 5 Fe++ -f- 24 H+ 3 + oFe++ -f- I 2 H 2 O 

fJ^ -f Mn++ AIn++ + Fe+++ 

^In^ + 2 Fe++ M 11 ++ + 2 Fe+++ 

Fe^ + 2 Cr CI 2 + Fe+++ 

The action of the manganous sulfate is partly to regulate the reaction 
between ferrous and permanganate ions, for, according to Volhard, the 
manganous ions tend to react with permanganate, thus slowing down 
the reaction between permanganate and ferrous ions. The quadriva- 
lent manganese formed by the action of permanganate on manganous 
ions, at once reacts with ferrous ions; the manganous ions also act as 
acceptor toward any iron oxidized above the trivalent state. In both 
cases it is essential that manganese peroxide does not react with hydro- 
chloric acid very rapidly, and it is necessary, too, that the amount of 
manganous salt shall greatly exceed the amount of iron present. 

Although it is possible, then, to titrate iron in hydrochloric acid 
solutions in the presence of manganous sulfate, the method possesses 
the disadvantage that the end point cannot be seen so distinctly as 
when no chloride is present, since ferric chloride forms a much more 
yellow solution than does ferric sulfate. This difficulty can be over- 
come by the addition of phosphoric acid, as suggested by C. Reinhardt.* 

(b) Method of Zimmermann-Reinhardt 

Add 20-25 ml of manganese sulfate solution (prepared as described 
below) to a solution of ferrous chloride containing about 15 ml of 6 Af 
hydrochloric acid, dilute to 300 ml, and titrate the cold solution 
with potassium permanganate added so slowly that the drops can be 
counted. 

Take care toward the last not to add a drop of permanganate until 
the color of the preceding one has disappeared. 

Prepare the manganous sulfate solution as follows: Dissolve 67 g 
of crystallized manganous sulfate (MnS 044 H 20 ) in 500-600 ml of 
water, add 138 ml of phosphoric acid (d. 1.7) and 130 ml of concen- 
trated sulfuric acid ; dilute the mixture to 1 1. 

If the iron is present as ferric salt, it must be reduced completely to 
the ferrous condition before it can be titrated with potassium perman- 
ganate. 

* Stahl und Eisen, 1884, 709, and Chem. Ztg., 13, 323, 
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HEDUCTION OF FERRIC SALTS TO FERROES SALTS 

The reduction of ferric to ferrous salts can be accomplished in a num- 
ber of different ways. 


1. By Hydrogen Sulfide 

Saturate the solution with hydrogen sulfide and boil off the excess 
while introducing CO 2 into the solution w^hich is contained in a flask. 

2. By Sulf ur Dioxide 

Nearly neutralize the solution containing the ferric salt with sodium 
carbonate,* add an excess of sulfurous acid, boil, and pass a current of 
carbon dioxide through it until the excess of the reagent is completely 
removed.f Test a drop of the solution with thiocyanate to make sure 
that the reduction is complete; cool in an atmosphere of carbon dioxide 
and titrate. 

3. By Metals 

Metallic zinc, cadmium, or aluminum can be used to reduce ferric ions to the fer- 
rous state. This can be done by adding small pieces of the pure metal to the ferric 
solution in a flask like that shown in Fig. Ill on p. 548 and heating on the water-bath 
until the ferric solution is reduced and the excess metal all dissolved or removed by 
rapid filtration through a funnel containing a platinum cone. In carrwng out such 
reductions it must be remembered that titanium, which is likely to be present in 
small quantities of most rocks, is reduced by these metals to the trivalent condition, 
whereas it is not reduced by hydrogen sulfide or sulfurous acid. Instead of pure 
zinc, chemists often prefer to use amalgamated zinc in a so-called Jones r eductor 
(Fig. 1 13) - The amalgamated zinc does not react with dilute sulfuric acid and liberate 
hydrogen but does reduce ferric sulfate solutions because, as the table of reduction 
potential shows (p. 541) ferric ions are much easier to reduce than are hydrogen ions. 

To prepare a Jones r eductor ^ take some 20 to 30 mesh zinc, cover with dilute hy- 
drochloric acid, and add mercuric chloride solution while stirring up the zinc, until 
the evolution of hydrogen ceases. In the bottom of the reductor tube place a per- 
forated disk or some pieces of glass, on top of this a wad of glass wool, and then just 
a little asbestos suspension (p. 35). If this asbestos layer is too thick, the reductor 
is likely to run slowly, and if too thin, some zinc powder may run through and spoil 
an aimysis. Fill the rest of the reductor tube with the well-washed, amalgamated 
zinc/ ■^The use of the reductor is explained below, 

* Ferric salts are not completely reduced by sulfurous acid in the presence of 
considerable hydrochloric or suKuric acid. 

t It is not ad\dsable to depend upon the sense of smell. Test escaping gas from 
the flask by passing it through dilute sulfuric acid containing a few drops of 0.1 X 
KMn 04 solution. If the latter is not decolorized at the end of 2 or 3 minutes, 
the excess of sulfurous acid has been removed. 
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Detennination of Iron in Limonite with the Jones Redactor 

Weigh out 0.5-g samples to four significant figures and dissolve 
heating with 20 ml of QN hydrochloric acid. To the resultiup' 
chloride solution add 12 ml of 18 W sulfuric acid and evaporat 

¥ 



boiling, until all hydrochloric acid has been removed, as shown by the 
lack of odor or by the formation of sulfuric acid fumes. Cool, dilute 
carefully with 100 ml of water, and run through the properly prepared 
redactor with which blanks have just been run. From the total volume 
of permanganate solution used in the analysis, deduct the volume re- 
quired in the blank. 

In making blanks and in all determinations, the procedure is as 
follows. Add 100 ml of normal sulfuric acid through the funnel, B, 
with the stopcock C open, using a little suction. When only a little 
of the dilute acid remains in the funnel, add the solution to be re- 
duced or, in the case of blanks, 50 ml of 1.5 W sulfuric acid, and when 
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this has nearly passed out of the funnel, follow with 250 mi of nomiai 
sulfuric acid, washing out the original beaker with this acid and adding 
it in small portions. Finally, pass 100 ml of water through the re~ 
diictor. At no time, however, should any air be allowed to enter 
the redactor tube, which should be kept full of water at all times when 
idle. Run blanks until two successive tests require less than 0.2 mi of 
0.1 A’ permanganate to give a pink color to the acid solution. 

4. By Btaimous Chloride 

This method proposed by Zimmermann and Reinhardt* is especially 
suited for metallurgical purposes, because it can be accomplished most 
rapidly. 

Pnnciple. — The method depends upon the fact that ferric chloride in hot solution 
is easily reduced by stannous chloride: 

SnCh + 2 FeCh -f 2 HCl = H.SnCh -h 2 FeCh 

The complete decolorization of the solution shows the end point of reduction. 
The excess of stannous chloride is afterward oxidized by means of mercuric chloride: 

SnClo + 2 HgCh + 2 HCl = HoSnCb + HgoCh 

After this treatment, which consumes but a few minutes, manganese sulfate solu- 
tion is added and the solution is immediately titrated with potassium permanganate, 
w’hieh is added slowly. 

Eeqidrements 

(a) Stannous chloride solution. Dissolve 50 g of stannous chloride in 100 ml 
of concentrated hydrochloric acid and dilute with w^ater to a volume of 1 1. 

(b) 6 N hydrochloric acid. 

(c) Mercuric chloride solution. A saturated 'k)lution of the pure commercial 
salt in water is used. 

(d) Manganese sulfate solution. See p. 552. 

Determination of Iron in Spathic Iron Ore 

Procedure. — Weigh out 0.25-0.3 g of the finely powdered mineral 
into a small beaker, add 20 ml of 6 W hydrochloric acid, cover the beaker 
mth a watch glass, and heat, just below the boiling temperature, until 
the residue is apparently free from reddish brown mineral. Remove 
the flame, and add the stannous chloride solution, drop hy drop, until 
the iron solution just becomes colorless, avoiding an excess. Cool to 
at least room temperature and add quickly 10 ml of mercuric chloride 
solution, whereby a slight silky precipitate of HgoCht is formed. After 

* Cf. p. 552. 

t If the precipitate produced by mercuric chloride is at all grayish in color, the 
solution must be thrown away; too large an excess of stannous chloride was used. 
Moreover, the end point with permanganate is difficult to see if the solution contains 
much precipitate. 
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5 minutes, dilute the solution to about 400 ml, add 20-25 ml of the 
manganese sulfate solution, and titrate the mixture (very slowly) with 
potassium permanganate until a pink color permanent for 15 seconds 
is obtained. 

(c) Determination of Metallic Iron in the Presence of Iron Oxide 

This method is useful for testing ferrum reductum which is obtained 
by the reduction of Fe 203 in a stream of hydrogen. Usually the re- 
duction is not complete and the preparation contains, besides the 
metallic iron, some oxide, usually assumed to be Fe 304 . The value of 
the preparation depends upon the free iron content. 

a. Method of Wilner'^-Merck'f 

Principle. — The method is based upon the fact that a neutral solution of mercuric 
chloride dissolves iron according to the equation 

Fe + HgCh = Hg -h FeCb 

while the Fe 304 is not attacked. The solution of ferrous chloride is titrated with 
permanganate solution. 

Procedure. — Place about 0.5 g of ferrum reductum powderj in a 
100-ml graduated flask, from which the air has been replaced by CO 2 ; 
add 3 g of solid mercuric chloride and 50 ml of water. Heat the con- 
tents of the flask to bofling, by means of a small flame, and boil gently 
for a minute. Then fill the flask to the mark with boiled water. Cool 
to 20° and again carefully bring to the mark. Shake well, and allow 
to stand in the stoppered flask until the precipitate has settled. Pour 
the liquid through a dry filter, reject the first 15 ml, and catch 20 ml 
of filtrate in a flask filled with carbon dioxide. To this add 20 ml of 
7 N sulfuric acid, add 10 ml of manganese sulfate solution,! dilute to 
200 ml, and titrate with 0,1 iV permanganate solution. 

iS. The Ferric Chloride Method\\ 

Pnndple. — A neutral solution of ferric chloride dissolves metallic iron with the 
formation of ferrous chloride: 

Fe + 2 FeCla = 3 FeCb 

* Farm. Tidskrift, 1880, 225. 

t Z. anal Chem., 41, 710 (1902). 

4 A coarse powder is not decomposed quantitatively. 

§ See p. 553. 

II A. Christensen, Z. anal. Chem., 44 , 635 (1905); see also, E. Schmidt, Chem. 
Ztg., 21 , 700 (1897); A. Marquardt, Chem. Ztg., 26 , 743 (1901); F. Forster and V. 
Herold, Z. Elektrochem., 16 , 461 (1910). 
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If the ferrous chloride formed is titrated with permanganate solution, one-tiiird of 
the iron thus found corresponds to the weight of metallic iron present in the sample. 

Proceed in exactly the same manner as in (a) but use 50 ml of ferric 
chloride solution, obtained by dissolving 2.5 g of anhydrous ferric 
chloride in cold water, instead of the 3 g of mercuric chloride. Stop- 
per the flask and shake 15 minutes in an atmosphere of COo before 
diluting to the mark. The ferric chloride should give a clear solution 
in cold water and be perfectly free from ferrous salt. 

2. Determination of Manganese. Method of Volhard* 

1000 ml .V KMnO, = 16.48 g Mn 

If an almost boiling, nearly neutral solution of manganese sulfate is slowdy treated 
with a solution of potassium permanganate, each drop will cause the formation of 
manganous acid (HoMnOa). Under ideal conditions the reaction takes place as 
follows: 

2 Mn 04 " + 3 Mn++ -h 7 H 2 O 0 H 2 M 11 O 3 + 4 

According to this equation, 2 KMn 04 (10 equivalents) react with 3 Mn+'^ (cf. 
p. 545). 

A. Guyard, who first determined manganese by this method, assumed that the 
oxidation took place according to the above equation. 

In reality, however, instead of pure manganous acid being precipitated, different 
acid manganites of varying composition are formed; for example: 

4 KMn 04 + 11 MnS 04 + 14 H.O = 4 KHSO4 + 7 H2SO4 + 5 Mn(HMn 03)2 

Volhard has showm that if calcium, barium, or, better still, zinc salts, are present, 
manganites of these metals are precipitated. The precipitate, although var 3 ring in 
composition, then contains all the manganese in the quadrivalent form. 

Procedure. — Of manganese ores with 0-20 per cent of manganese 
take 3 samples of about 1 g each for analysis; use half as much with 
richer ores. Weigh the samples into a large Erlenme^^er flask (800- 
1000 ml) and heat with 20 ml of concentrated hydrochloric acid and 
3 g of potassium chlorate. After all the liberated chiorine has been 
evolved, dilute with water to 100 ml. 

If a dark residue remains which is likely to contain manganese, 
rinse into a casserole, evaporate to dryness, and digest the residue for 
10 minutes with 10 ml of concentrated hydrochloric acid, warming 
gently. Dilute with hot water, heat to boiling, and filter back into the 
Erlenmeyer flask. Ignite the residue in a platinum crucible, fuse with 
sodium carbonate, extract the melt with dilute hydrochloric acid, evapo- 
rate to dryness to render silica insoluble, digest with acid, dilute, and 
filter into the main solution. 

* Ann. Chem. Pharm.j 198, 318 (1879). Cf. W. Fischer, Z. anal. Ckem., 48, 751 
(1909); Cahin and Little, Analyst^ 36, 52 (1911). 
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Evaporate the hydrochloric acid solution to a small volume to remove 
the greater part of the acid, and dilute to 300 mi with cold water in a 
500-ml measuring-flask. Add in small portions, while constantly 
shaking the flask, a suspension of zinc oxide in water until all the iron 
is precipitated as shown by the sudden coagulation of the precipitate. 
Shake well and allow the precipitate to settle. If the supernatant solu- 
tion is colored brownish, add more zinc oxide but avoid the use of too 
much of the reagent. Dilute to exactly 500 ml, mix thoroughly, filter 
through a dry filter and take 250 ml for the titration. Dilute with water 
to about 400 ml, heat to boiling, and add to the first sample 0.1 N per- 
manganate in 5-ml portions until, after shaking and allowing the precipi- 
tate to settle, the clear liquid appears pink. This is best observed by 
holding the flask in an inclined position and looking through the top of 
the solution against a light background. At first considerable difidculty 
is caused by the brown color of the suspended manganese precipitate, 
but after a little practice the operator learns to recognize the end point. 

The first titration is rarely correct because it is practically impossible 
to titrate the first portion within a drop or two of the correct point. 

To the second sample, therefore, add nearly as much permanganate 
at once to the 400 ml of hot solution and continue until the permanga- 
nate is no longer decolorized. Cool to about 80°, add 5 ml of 6 iV 
acetic acid, and finish the titration adding 1-2 drops of permanganate 
at a time. The addition of the acetic acid causes the precipitate to settle 
and titrating at a temperature below the boiling point gives a more 
stable end point. Moreover, correct results are obtained with the 
theoretical factor of the reagent. In the analysis of the third sample 
add at the start nearly as much permanganate as was used the second 
time and continue with 0.2-mi additions. Call this last titration the 
correct one. Allow 0.1 ml of permanganate as a blank and do not 
attempt to titrate closer than to the nearest 0,1 ml (= 0.2 mg of Mn). 

Remarks. — Standardize tke permanganate solution under the same conditions 
against 20 ml of pure manganese suKate solution (7.550 g MnS 04 * per liter) adding 
40 ml of 20 per cent zinc sulfate solution, 2 drops of 6 N hydrochloric acid, and 
diluting to 400 ml. Use 3 samples for the standardization as in the analysis. 

Large quantities of iron increase the volume of permanganate used in the titration 
so that it is best to make up the solution with precipitate to a definite volume and 
use an aliquot part of the filtered solution. The error produced by the volume of 
the iron precipitate is not a serious one; although the precipitate appears very bulky, 
its volume when dry is very small and it is likely to absorb a little manganese. The 
presence of chromium, cobalt, or vanadium also causes error. If the ore does not 
contain enough iron to combine with the phosphoric, arsenic, and vanadic acids, and 
give a fair-sized precipitate with zinc oxide, add 5-10 nol of pure ferric chloride 
solution, containing 6 g to the liter, before neutralizing, 

* Heat the pure, hydrated crystals 1 hour at 400-500° before weighing. 
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Determination of Manganese in Steel 
(a) Volhard Method 

Weigh out, to three significant figures, three separate portions of 
2 g of steel into 300-nii porcelain casseroles. Cover the dishes with 
watch glasses, and dissolve each sample by the gradual addition of 25 
ml of 6N nitric acid. T\lien the sample has dissolved, raise the cover 
glass, evaporate to dryness, and ignite carefully to decompose nitrates. 
Cool and digest the residue T\ith 20 ml of concentrated hydrochloric acid. 

If a dark residue remains undissoh'ed, evaporate the solution to dryness again, 
dehydrate silica by heating an hour at 125'', warm with 10 ml of concentrated hydro- 
chloric acid, dilute, filter, and wash the residue thoroughly, first with a little hot 
2 X hydrochloric acid, then with cold water, and finally with hot water. If there 
is no dark-colored residue containing graphite, this treatment is unnecessary. A 
carbonaceous residue is always more or less oxidizable and must be removed. 

Evaporate the hy^drochloric acid to dryness. Moisten the residue 
with 10 ml of hydrochloric acid, warm, and evaporate to a small 
volume but not to dryness. Transfer to a 500-ml measuring-flask, 
first filtering if there is much residue, and dilute vith cold water to about 
200 ml. Add 6 N sodium carbonate solution in small portions until the 
ferric chloride solution has a deep red color and then small quantities 
of a suspension of zinc oxide in water, shaking after each addition 
of oxide and continuing until a point is reached where the liquid sud- 
denly^ coagulates forming a heavy precipitate of ferric hydroxide. Fill 
the flask with water up to the mark, mix thoroughly by pouring back 
and forth into a beaker several times, allow the precipitate to settle, 
and filter through an 18-20 cm filter. Reject the first 5 ml of filtrate 
and collect the next 250 ml in a measuring-flask. Transfer the solution 
to a 500-ml flat-bottomed flask, and titrate as described above. 

(6) Bismuthate Method^ 

1000 ml A KMn 04 = 10.99 g Mn 

This method originated with Schneider,! who used bismuth tetroxide as the 
oxidizing agent; but as the oxide is dfficult to prepare free from chlorides, and traces 
of chloride interfere T\ith the end point of the titration, it was abandoned by Reddrop 
and Ramage,t who proposed the use of sodium bismuthate, NaBiOs. The product 
sold under this name is of more or less indefinite composition. 

The determination is based on the fact that a manganous salt in the presence of 
nitric acid is oxidized to permanganic acid by sodium bismuthate. 

2 Mn-- 4- 5 NaBiOs + 14 H+. 2 Mn04~ + 5 + 5 Na+ + 7 HsO 

* A. A. Blair, J. Am. Cheni. Soc., 26, 793. W. Blum, Reprint No. 186 from BuU, 
Bur. Standards, 8 (1912). 

t Ding. poly. J., 269, 224. 

{ Trans. Chem. Soc., 1895, 268. 
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The permanganic acid formed is very stable in a cold solution containing 20-40 
per cent of nitric acid. In hot solutions the excess of bismuthate is rapidly decom- 
posed and then the permanganic acid breaks down; as soon as a small amount of 
manganous salt is formed it reacts with the permanganic acid and manganese dioxide 
precipitates. 

In the cold, however, the excess of the bismuth salt can be filtered off, an excess 
of ferrous sulfate added to the clear filtrate, and the excess determined by titrating 
with permanganate. The end point is sharp and the method is extremely accurate 
except in the presence of cobalt.* 

The following conditions are recommended by Blum. To the cold manganous 
solution containing 20-40 per cent nitric acid (free from nitrous acid) in a volume 
of 50-150 ml, add a slight excess of bismuthate (usually O.o-l.O g), agitate thor- 
oughly for about | minute, wash down the sides of the flask with 3 per cent nitric 
acid,t filter through asbestos, wash with 100 ml of 3 per cent nitric acid, add a shght 
excess of ferrous sulfate, and titrate at once with permanganate. 

Procedure for Steels. — Dissolve 1 g of sample in 50 ml of iN nitric 
acid and boil the solution to expel oxides of nitrogen. Remove from the 
heat, add about 0.5 g of sodium bismuthate, and boil 2 to 3 minutes. 
If more than 0.1 per cent manganese is present, a precipitate of man- 
ganese dioxide usually appears or, if the manganese content is low, a 
pink color is produced. If neither a pink color nor a precipitate is 
produced, add more bismuthate and heat again. Clear the solution by 
adding a few drops of sulfurous acid, boil 2 to 3 minutes, and cool to 15°. 
Add 0.5 to 1 g more of bismuthate (enough to leave a small excess un- 
dissolved), agitate, and allow to stand for 1 minute. Then add 50 ml 
of 3 per cent nitric acid (3 ml of concentrated HNO 3 + 97 ml of water), 
and filter through asbestos. A suitable filter can be made by tamping 
down some glass wool in a funnel and pouring some asbestos fibers 
suspended in water upon it. If a Gooch crucible is used for filtering, 
take care that none of the filtrate comes in contact with the rubber that 
holds the crucible in the fiilter bottle. A glass filtering crucible can be 
used. Wash the excess bismuthate with 3 per cent nitric acid until the 
last runnings are colorless (50 to 100 ml of acid should be used). Add 
a measured volume of standard ferrous sulfate solution (usually a 25- 
ml pipetful is sujfficient), and titrate the excess with permanganate.; 

The ratio of permanganate to ferrous sulfate solution must be de- 
termined daily. Though not strictly necessary, the determination of 

* a E. F. LundeU, J. Am. Chem. Soc., 46 , 2600 (1923). 

t One ml of nitric acid, d. 1,42, contains nearly 1 g of HNO3. The solution of 
3 ml concentrated nitric acid diluted to 100 ml is approximately a 3 per cent solution 
both by weight and by volume. 

J H. F. V. Little, Analyst, 37, 554 (1912) found that it was advisable to filter into 
a known volume of standardized ferrous solution when the manganese content was 
high. 
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this ratio by means of a blank affords a convenient means of testing 
the efficacy of the filter. The conditions found most satisfactory by 
Blum are: To 50 ml of nitric acid (25 per cent by volume), add a small 
amount of bismuthate; shake and allow to stand a few minutes, dilute 
with 50 ml of 3 per cent nitric acid; filter through the asbestos filter, and 
wash vith 100 ml of 3 per cent nitric acid. To the filtrate, which should 
be perfectly clear, add a volume of ferrous sulfate approximately equal 
to that to be used in the subsequent determinations (25 or 50 ml), and 
titrate at once to the first \isible pink. Even for the most accurate 
wmik, no end-point correction is required for this titration, provided 
only that the solutions are always titrated to the same color, and that 
about the same volumes are used in the standardization and analyses. 


The manganese content of the steel can be computed as follows: 
Let s = weight of the sample. 

A ~ volume of KMn04 which is equivalent to the FeS04 used. 

n = volume of KMn04 used to titrate the excess FeS04- 

iV = the normality of the KMn04 solution. 

(A - n)N X O.OIOOS X 100 ^ 

^ = per cent Mn 


The folloTving modification of the bismuthate method is useful for rapid work. 
It depends upon reducing the permanganate formed with a sodium arsenite solution. 
Sodium arsenite in dilute acid solution is oxidized to arsenate; but under the condi- 
tions prevailing in this analysis, the reduction of the permanganate does not take 
place completely to the manganous condition. With a little practice, however, it is 
easy to note the point when all the permanganate has been acted upon, and this is 
taken as the end point although the solution has a greenish tint if much manganese 
is present. 


Rapid Bismuthate Method 

Prepare a solution of arsenious acid of which 1 ml = 0.1 mg of Mn 
by dissolving 0.337 g of pure AS2O3 and 1.1 g of Na^COs, heating with 
a little water and finally diluting to exactly 1000 ml in a volumetric 
flask. Weigh out the AS2O3 on a watch glass and make sure that the 
weight does not vary 1 mg from the specified quantity. Test the 
strength of the solution by measuring out carefully, with a pipet, 
exactly 2 ml of approximately 0.1 A Kj\In04, adding 100 mi of 3 per cent 
HNO3 and titrating with the arsenite solution to the disappearance of the 
purple color. 

For the analysis, take exactly 0.1 g of steel (within 1 mg) and proceed 
precisely as described above but with somewhat less bismuthate. The 
final volume of the solution after filtering off the excess bismuthate 
should be about 100 ml. Titrate the solution with the sodium arsenite 
solution. The volume required divided by 10 should give the per- 
centage of Mn present. 
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It was originally assumed that the bismuthate method is not well suited for 
determining large quantities of manganese, but Cunningham and Coltman* have 
shown how the method can be applied to materials rich in manganese. 

Determination of Manganese in an Ore 

Treat 2 g of the finely powdered ore with 40 ml of hot 7.5 N nitric 
acid in a 400 ml covered beaker, adding small portions of hydrogen 
peroxide from time to time until finally no black residue of pyrolusite 
is apparent. Rinse off the watch glass and the sides of the beaker and 
add sodium bismuthate until a permanent precipitate of manganese 
dioxide results. Boil 2-3 minutes, then add sulfurous acid dropwuse 
until the solution clears and filter. (If the residue is likely to contain 
manganese, ignite it in a platinum crucible and treat with 1 ml of 
concentrated sulfuric acid and about 10 ml of hydrofiuoric acid. Evapo- 
rate under the hood until fumes of sulfuric acid are evolved, cool, dilute 
with water and add to the main solution; precipitation of barium sulfate 
will do no harm.) Dilute the solution to exactly 500 ml in a measuring- 
flask and mix thoroughly by pouring back and forth into a dry beaker. 

To detennine roughly how much bismuthate will be required, take 
25 ml of the solution in a 300 ml Erlenmeyer flask, add 12 ml of con- 
centrated nitric acid (freed from nitrous fumes 'by bubbling air through 
the bottle) and about 13 ml of water. Cool, add 1.7 g of sodium bis- 
muthate, agitate for one minute, dilute with 50 ml of water, filter through 
an asbestos filter and wash the residue with 3 per cent nitric acid. Add 
2.5 g of solid ferrous ammonium sulfate and titrate the excess with 
O.liVKMnO. 

For the accurate determination, take 200 ml of the solution in a 
750-ml flask, add 50 ml of concentrated nitric acid and 50 ml of water. 
Cool to room temperature, add all at once 2.6 g of sodium bismuthate 
for each 0.1 g of manganese present and agitate for one minute. Dilute 
with 200 ml of water, filter, wash with 3 per cent nitric acid, add suffi- 
cient ferrous ammonium sulfate to react with all the manganese (use 
about 0.75 g for each 0.10 g of manganese) and titrate the excess 
promptly with permanganate. 

(c) Modified Williams Method 
1000 ml of N KMn 04 = ^ = 27.47 g Mn 

The Williams method depends, in the first place, upon the precipitation of aU the 
manganese as Mn 02 by boiling the manganous solution with concentrated nitric acid 
and potassium chlorate. The reaction has also been used in qualitative analysis. 

Mn( N03)2 + 2 KClOa + HsO -> MnOs-HaO + 2 KNOa + 2 CIO 2 T 

* M. Eng. Chem., 16 , 58-63 (1924). Q. Little, loc. ciU 
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The precipitate is dissolved in acid and a known quantity of reducing agents and the 
excess of the latter is measured by titration with standard potassium permanganate 
solution. A standard solution of acid ferrous sulfate or ferrous ammonium sulfate 
is commonly used as the reducing agent, and since such a solution oxidizes slowly on 
standing in the ah* it is necessary to determine its strength at least once every day 
that it is being used. 

Julian* used H 2 O 2 as the reducing agent and did not bother to filter off the precipi- 
tate, but it is unquestionably better to do so because the presence of a little nitrous 
acid in the solution is likely to cause error in the final titration. 

Procedure, — Take 2 to 3 g of steel (weighed to the nearest centigram) 
in a 500-nii Erlenmeyer flask and dissolve it in 60 ml of 6N HNO3. 
When the steel has dissolved, evaporate the solution to siriipy con- 
sistency (about 10 ml) ; add 50 ml of concentrated nitric acid and 3 g of 
potassium chlorate crystals. Boil the solution on the hot plate for 
.15 minutes. Then remove the flask from the hot plate, as otherwise 
the CIO 2 wliich is liberated on adding chlorate may explode; add 15 ml 
more of concentrated nitric acid and another 3 g of potassium chlorate. 
Boil for another 15 minutes. Cool quickly by placing the flask in cold 
water and rotating the contents. Prepare an asbestos filter by pressing 
down a little glass wool in a funnel and pouring on it a little asbestos 
suspension such as is used for Gooch crucibles. Filter through the 
asbestos, and wash the XInOo precipitate with three 10-mi portions of 
cold water. Transfer the asbestos pad and precipitate back to the 
original flask. As solvent, prepare a mixture of 900 ml water, 43 ml of 
3 per cent hydrogen peroxide, 25 mi of phosphoric acid, d. 1.70, and 
preserve it in a glass-stoppered bottle. Of this well-mixed solution take 
out 25-ml portions by means of a pipet. Usually one portion of the 
solution is sufficient to dissolve the XInOs precipitate and leave an excess 
of H 2 O 2 . At the same time, take two separate portions of the solution 
for direct titration with permanganate. In every case, dilute with 
water to about 200 ml and titrate with standard potassium perman- 
ganate. In using the pipet make sure that it has been cleaned recently 
with cleaning solution so that it will drain well and that it has been 
rinsed out with three small portions of the solution which is to be meas- 
ured. XIake sure that the pipet is filled from the bottom up to the 
mark on the stem, and, after allowing the contents to drain out, touch 
the tip of the pipet to the side of the beaker just above the solution. 
When used in this way pipets are more accurate than the ordinary buret. 

The reactions that take place with the hydrogen peroxide are these: 

H 2 O 2 + MnOj + 2 H+ Mti++ + 2 H^O + O 2 1 
5 H 2 O 2 + 2 MnOr + 6 H+ ^ 2 Mn++ + 8 H 2 O + 5 O 2 T 


J. Am. Chem. Soc., 15, 113 (1893); cf. J. Anal. Chem., 2, 249 (1888). 
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Ifj in the analysis of s grams of steel, 25 ml of H2O2 were used which were equiva- 
lent, as found by direct titration, to A milliliters of KMn04 and the excess H2O2 re- 
acted with n milliliters of KMn04 which was A^-normal, then 


(A - n)N X 0.02747 
s 


X 100 = per cent Mn 


(d) Persulfate Method"^ 

In a hot solution of a manganous salt containing silver nitrate as catalyzer, am- 
monium persulfate causes the formation of permanganic acid. 

2 Mn+- + 5 SoOs"" 4- (Ag+) -h S H2O -> 2 Mn04~ + 10 S04~~ + (Ag+) + 16 H+ 

Without the silver salt, manganous acid, H2Mn03, is precipitated. In the routine 
analysis of steel it is customary to discharge the permanganate color by adding 
standard sodium arsenite. Under the conditions that usually prevail, the arsenic 
is completely oxidized to the quinquevalent condition; the manganese of the per- 
manganate is not reduced to colorless manganous salt but to a green solution which 
contains manganese partly trivalent and partly quinquevalent. The arsenite 
solution, therefore, must be standardized in exactly the same way it is used in the 
analysis against permanganate solution or by means of a Bureau of Standards steel. 

Dissolving Solution. — - Mix together 5 ml of 0.1 iY AgNOs, 40 ml of 
water, 2 ml of concentrated H 2 SO 4 , and 15 ml of concentrated HNO 3 . 

Titrating Solution. — Dissolve exactly 0.337 g of pure AS 2 O 3 and about 
1,1 g of Na 2 C 03 in about 60 ml of hot water. When the solids have all 
dissolved completely, transfer to a liter measuring-flask and make up 
to exactly 1 1. One milliliter = 0.1 mg Mn. Test the strength of the 
solution by taking a measured volume of 0.1 iY KMn 04 ( 2.00 ml is 
suitable), reducing it with a httle H2SO3, and then proceeding exactly 
as in the analysis of steel, using the same quantities of reagents. 

Procedure. — Weigh out portions of exactly 0.100 g (within 1 mg) 
into 250-ml Erlenmeyer flasks, and heat each portion with 15 ml of the 
dissolving solution until all the steel has dissolved and the red nitrous 
fumes have been expelled. Remove from the hot plate; add 100 ml of 
hot water and 10 ml of 10 per cent (NH 4 ) 2 S 208 solution. Heat to boil- 
ing, and maintain this temperature for 30 seconds. Remove from the 
hot plate and cool under running water to about 15°. (If necessary use 
ice-water.) Titrate the cold solution until the permanganate color is 
discharged. Pay no attention to a return of the color on standing. 

The persulfate, in the presence of silver cations, slowly oxidizes the manganous ions 
to permanganate, but this reaction is so slow in the cold that there is no serious error 
if the titration takes place fairly quickly. If the cold solution is treated with just 

♦Walters, Proc. Eng. Soc. Western Pa., 17, 257 (1901); Chem. News, 84, 239, 
H. P. Smith, Chem. News, 90, 237 (1904). Rubricus, Chem. Ztg. RepeH., 1906, 
247. P. Kunze, Chem. Ztg., 29, . 1017 (1905). H. Marshall, 2'. anal. Chem., 43, 
418; 655 (1904). 
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suiiicient XaCi solution to precipitate the silver before the titration, the end point 
lasts much better; but if the solution is hot when the chloride is added, some per- 
manganate is likely to be reduced. The above very rapid method has iiet'er been 
regarded as suitable for umpire analysis, bat students usually obtain excellent re- 
sults agreeing within 0.02 per cent, or less, of the weight of sample. If considerable 
manganese is present the solution is \'eliow or green at the end point, but the prac- 
ticed eye can easily tell when all the permanganate color is gone. 

3. Determination of Uranium. Method of Belohoubek,* 
Zimmermann,t EQliebrandJ 

1000 ml .V KMnOj = ^ = 119.1 g U 

This method is especially suited for testing the purity of a precipitate of UsOs 
obtained in the analysis of uranium minerals. It is based upon the fact that when 
UaOs is heated in a closed tube with dilute sulfuric acid at 150“-175° it is readily 
decomposed according to the equation 

UsOs F 4 H.2SO4 = 2 UO0SO4 -b U(S04)2 + 4 H2O 

forming uranyl and uranous sulfates. The latter compound is oxidized to the former 
by means of potassium permanganate: 

2 KMn04 + 0 U(S04)2 + 2 HoO - 2 KHSO4 -t- 2 MnS04 + H2SO4 + 5 UO2SO4 

If it is desired to express the results in terms of the original UsOs, of which two-thirds 
is not oxidized by the permanganate, then 1 ml .V KMn04 = = 0.4218 g UsOs. 

Procedure. — Place 1 g of UaOs in a tube closed at one end, add 10- 
15 ml of SiV sulfuric acid and make the open end of the tube narrower 
by heating in a blast lamp and drawing it out somewhat. Eemove 
the air in the tube by inserting a long capillary so that it reaches ’to the 
bottom of the tube containing the substance and conducting a current 
of carbon dioxide through it; finally seal the larger tube without re- 
moving the capillary. Heat the tube in a bomb furnace ” at 150- 
175° until everything has dissolved to a clear green liquid. After 
cooling, open the tube by making a scratch with a file and touching it 
with a hot glass rod. Pour the contents into a large porcelain dish, 
dilute with distilled water to 500-700 ml, and titrate with 0.1 iV KMn 04 
solution until a permanent pink color is obtained. 

Remark. — In quantitative analysis uranium is often precipitated as ammonium 
uranate by ammonium hydroxide (see p. 112), and the uranate dissolves in acids 
forming uranyl, salts. It is possible to reduce the 6-valent uranium of the 

uranyl salt to 4-valent uranous salt, and uranium, like iron, titanium, and molyb- 
denum, can be determined volumetrieally by reducing in a Jones reduetor and titrat- 

* J. prakt. Chem.j 99, 231. 

t Ann. Chem. Pharm., 232 , 285. 

I U. S. Geol. Survey, Bull. 78. 
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ing with permanganate. * Unfortunately, the oxidation and reduction of the uranium 
do not always proceed quantitatively in the desired manner. If the solution is 
passed quickly through the redactor the results are different from those obtained 
when the solution is added slowly, but in the latter case some of the uranium is 
reduced too far and it is necessary to allow the air to act upon the reduced solution 
in order to get the uranium into the quadrivalent condition. Atmospheric oxidation, 
however, may cause oxidation of uranium to uranyl salt. Jander and Reehf elairo. 
to have overcome these difficulties by using as reducing agent a piece of aluminum 
such as was used in 1922 as a German coin. Their procedure is as follows: 

Make a perforated glass basket of 10-15 ml capacity from a small test-tube. 
Bend a stout piece of pure sheet aluminum to fit the basket and attach the basket 
by platinum wire to a glass rod long enough to reach to the bottom of a 400-ml 
Erlenmeyer flask. Insert the rod in a two-holed rubber stopper which is also pro- 
vided with a Bunsen valve (see p. 548). Place 100 ml of uranyl solution, containing 
not more than 0.2 g of uranium, in the 400-ml flask, add 20 ml of concentrated 
sulfuric acid, and heat to boiling. Remove the flame and insert the stopper carrying 
the Bunsen valve and the rod vdth the basket and aluminum in place. Allow the 
reduction to take place out of contact with air for an hour: 

3 UOo++ -h 2 A1 -M2 H+ 3 U++++ + 2 A1+++ 6 H2O 

Raise the stopper and add a little sodium bicarbonate solution, to fill the flask 
with carbon dio.xide. With a stream of water from a wash bottle, rinse off the rod, 
the glass basket, and the excess aluminum, and titrate with 0.1 W KMnC 

5 U++++ + 2 MnOr + 2 HoO 5 UO2++ + 2 Mn++ + 4 H+ 

4. Determination of Oxalic Acid 

1000 ml N KMn04 63.02 g H2C204-2H20 

The procedure is exactly the same as was described under the standardization of 
permanganate by means of sodium oxalate (p. 546). 

5. Determination of Calcium 

1000 ml N KMnO, = ^ = 20.04 g Ca 

Precipitate the calcium as described on p. 85 in the form of its oxa- 
late, filter, and wash with hot water. Transfer the moist precipitate 
to a beaker by means of a stream of water from the wash-bottle, and 
dissolve the precipitate remaining on the filter, allowing hot 2N sul- 
furic acid to pass through it several times. To the turbid solution in 
the beaker, add 20 ml of 18 AT sulfuric acid, dilute with hot water to 
a volume of 300-400 ml, and titrate the oxalic acid with 0.1 N KMn 04 
solution. 

* 0. S. Pulman, Jr., Am. J. Sd. [4] 16, 229. 

t Z. anorg. allgem. Chem. 129, 293-301 (1923). 
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6. Determination of Pb02 in Minium [Red Leadj Pb 
Method of Lux=^ 


1000 ml Y iain04 = = 119.6 g Fb02 = 342.S g Pbs04 

Principle. — If lead peroxide (PbO^j is treated with oxalic acid or sodium oxalate 
in acid solution, the oxalate ion is oxidized according to the following equation: 
Pb02 -r C^r -r 4 Pb--- A- 2 CO. T- 2 H.O 

If the decomposition takes place with a measured amount of titrated oxalic acid 
solution and the excess of the latter is titrated by means of potassium permanganate 
solution, the difference shows the amount of oxalic acid necessary to effect the 
reduction of the lead peroxide. 


Procedure. — Weigh out about 0.25 g of minium (red lead) into a 
porcelain dish and heat with 20-30 ml of 2 -V nitric acid. The original 
oxide is thereby changed into soluble lead nitrate and brown, insoluble 
HoPbOs: 

Pb304 + 4 HNOs = 2 Pb(N03)2 + HoO -f HoPbOs 


After the sample is dissolved, add 50 ml of 0.2 iV oxalic acid, heat the 
solution to boiling, and titrate hot with 0.2 A" KAIn04. If t milliliters 
of 0.2 A^ Kl\ln04 solution were used, then 50 — t miUiliters of 0.2 W 
H2C2O4 were necessary for the reduction of the amount of Pb02 con- 
tained in the minium (a grams) taken for analysis. There is present, 
therefore. 


(50 - 0 X 2.392 


per cent Pb02 or 


(50 — ^) X 6.856 


per cent Pb304 


The Diehl-Topf iodometric method to be described later has been 
adopted by the American Society of Testing Alaterials for the analysis 
of red lead. 


7. Determination of MnOo in Pyxolusite 
1000 ml N KMn04 = ^§25 = 43 47 g ^ 

{a) Method of Levol and Poggiale, Modified hy G. Lungej 

After drying at 120° to constant weight, place 1.087 g of the finely 
powdered pyrolusite in a 250-ml flask which is provided with a Contat 
valve (see p. 548). Expel the air by conducting CO2 into the flask, 
and then add 75 ml of the ferrous sulfate solution, prepared as de- 
scribed below, close the flask, and heat its contents over a small flame 

* Z. anal. Chem., 19 , 153 . 

t Cheyn. techn. UntersiLchung^?nethoden. 
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until there is no longer any dark-colored residue. Cool quickly, dilute 
with 200 ml of water, and titrate the excess of ferrous sulfate with 0.5 iV 
KMn 04 solution. Immediately before the analysis, determine the 
titer of the ferrous sulfate solution by taking 25 ml of it, diluting to 
200 ml, and titrating with permanganate. 

By the treatment of the pyrolusite with ferrous sulfate, the following 
reaction takes place: 

M 11 O 2 + 2 reS 04 + 2 H2SO4 = Fe 2 (S 04)3 + MnS 04 + 2 H2O 


The computation of the percentage of Mn02 is as follows: 

75 ml FeS 04 solution require T milliliters 0.5 N KMn 04 

75 ml FeS 04 + 1.087 g pyrolusite. . . '' t milliliters 0.5 N KMn 04 

.*. 1.087 g pyrolusite are equivalent to T — i milliliters 0.5 iV'KMn 04 
corresponding to (T — t) X 0.02173 g Mn02 and in percentage 


(T - 0 X 0.02173 X 100 
1.087 


= 2 (r — 0 per cent Mn 02 


Prepare the ferrous sulfate solution as follows: slowly pour 200 ml 
of concentrated sulfuric acid, with stirring, into 500 ml of water, and 
while the mixture is still hot add 100 g of powdered FeS 04 * 7 H 20 
crystals; on stirring, the salt should dissolve within a few minutes. 
Dilute the solution to 1 1. When cold it is ready for use. 


(6) Method of Fresenius-Will, Modified by Mohr 
MnOs + 0204 '^ + 4 H+ Mn++ + 2 CO 2 + 2 H 2 O 

For each analysis, weigh out portions of the finely ground ore, which 
has been dried to constant weight at 120°, into 300-ml Erlemneyer 
flasks, using samples that do not vary more than 0.05 g from 0.45 g. 
Add to each portion of ore a carefully weighed portion of pure sodium 
oxalate, using at least one and one-half times as much oxalate as pyro- 
lusite but not more than 0.8 g in any case. Add 50 ml of water and 50 
ml of GW sulfuric acid and heat, without boiling hard, until no more 
pyrolusite remains undissolved. Keep the flasks covered with watch 
glasses, and do not allow the solutions to evaporate to below 85 ml, add- 
ing hot water from time to time if necessary. When all the black ore 
has dissolved, dilute to 200 ml and titrate with 0.1 iV permanganate, 
keeping the solution above 60°. 

If s is the weight of pyrolusite used, r the weight of sodium oxalate, 
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and n the milliliters of -V normal permanganate required for the excess 
oxalate, 


r VV X 0.0435 X 100 

,0.067 X N '7 


of 


In this equation, 0.067 is the equivalent weight of sodium oxalate and 
0.0435 the equivalent weight of manganese dioxide. 


8. Determination of Formic Acid 

(a) Method of Lieherf' 

1000 ml X KMnOi = ^ ^ HCOOH ^ HCOOHf 

In cold add solutions permanganate reacts very slowly with formic acid, and 
in a hot solution the latter is lost by volatilization, so that the titration in open 
vessels is impossible; in alkaline solutions, on the other hand, the oxidation takes 
place readily and quantitatively in the cold: 

2 K]Mn 04 -f 3 HCOoK = 2 K 2 CO 3 + KHCO 3 -b 2 MnO, + H^O 

In this reaction the permanganate is reduced only to the quadrivalent condition 
so that it has only three-fifths of its oxidizing power as determined in the standard- 
ization. Hence the weight of formic acid equivalent to 1 ml of N permanganate 

/ 7 • . .4- 1 . N - 3 ^HCOoH 

(normal against sodium oxalate) is - X 

o 

Procedure. — Neutralize the formic acid by an excess of sodium 
carbonate, and allow permanganate to run into the hot sodium formate 
solution until the clear liquid above the precipitate is colored pink 
(cf. p. 558). 


(6) Method of H. C. Jonesi 
1000 ml N KMn 04 = 23.01 g formic acid 

Add an excess of permanganate to the alkaline solution of the formate, 
heat 5“10 minutes on the water-bath, make acid vdth 6iV sulfuric 
acid, add an excess of O.liV oxalic acid solution, and titrate the excess 
of oxalic acid with permanganate at 70°. 

If T — total volume of O.liV permanganate used and t the volume 
of 0.1 iV oxalic acid then 

s 

{T — t) 0.002301 = weight of formic acid 

* Monatah., 14, 746, and 16, 219. 

t Ber., 10, 1075 (1877). 

t Am. Chem. J., 17 , 539. 
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(c) Method of Blackadder^ 

Proceed exactly as in (b) but after heating on the water-bath, add 
2“3 g of potassium iodide, neutralize with 6 hydrochloric acid, add 
15 ml in excess, and titrate the liberated iodine with 0.1 iV thiosulfate. 
If T is the volume of 0.1 iV' permanganate used and t the volume 
of O.liV thiosulfate, the computation is the same as under (6). 

9. Analysis of Nitrous Acid (Lunge)t 

1000 ml N KMnO, = = 23.51 g HNO 2 

On account of the volatility of nitrous acid, measure out the aqueous 
solution of the nitrite, or the solution of nitrous acid in concentrated 
sulfuric acid (nitrose), from a buret into 400 ml of 0.75 iV sulfuric 
acid containing a known volume of permanganate solution, warmed to 
40°. Have the tip of the buret dipping below the surface of the acid 
permanganate solution, and stir constantly. The nitrous acid is 
thereby oxidized to nitric acid: 

2 KMn 04 + 5 HNO 2 + 3 H 2 SO 4 = K 2 SO 4 + 2 MnS 04 + 3 H 2 O + 5 HNO 3 

and the decolorization of the solution shows the end point. Toward 
the end the nitrous acid must be added slowly, for the change from red 
to colorless requires some time. 

10. Analysis of Hydrogen Peroxide 

1000 ml N KMnO. = = 17.01 g H 2 O 2 

Place 10 ml of commercial 3 per cent hydrogen peroxide in a 100-ml 
measuring-flask, dilute to the mark with water, and, after thoroughly 
mixing, transfer 10 ml (= 1 ml of the original solution) to a beaker, 
and dilute with water to a volume of 300-400 ml. After adding 20- 
30 ml 7.5 AT sulfuric acid, titrate the solution with O.liV KMn 04 
until a permanent pink color is obtained. The following reaction takes 
place: 

2 KMn 04 + 5 H 2 O 2 + 4 H 2 SO 4 = 2 KHSO 4 + 2 MnS 04 + 8 H 2 O + 5 O 2 

Frequently it happens that the first drop of the permanganate causes 
a permanent coloration of the solution. This shows that either not 
enough sulfuric acid is present, or else there is no more hydrogen per- 
oxide left in the solution. In this case add a little more sulfuric acid. 


* Dissertation^ Zurick, 1911; 
tRer., 10, 1075 (1877), 
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when if the coloration still remains the preparation is surely spoiled; 
as can be shown by the titanic or chromic acid tests (cf. YoL 1). 

The amount of hydrogen peroxide is expressed either as percentage by 
weight or as percentage by volume. 

Example. — 10 ml of the above-meiiiioned dilute solution of hydrogen peroxide 
( = 1 ml of the original solution) required 17.S6 ml of 0.1 -V KMn 04 soluiioiij corre- 
sponding to 17.S6 X 0.001701 = 0.0303S g H 2 O 2 . As the specific gravity of the 
original hydrogen peroxide solution can be assumed to be 1, it therefore contains 
3.04 per cent H 2 O 2 . 

When expressed in “percentage by volume” the result shows how many cubic 
centimeters of oxygen can be obtained from 100 ml of the solution. 

In this case 100 ml of the hydrogen peroxide solution contain 3.04 g of H 2 O 2 
and, on being decomposed, 2 moles of H 2 O 2 sets free 1 mole of O 2 . 

2 H 2 O 2 - 2 H 2 O -r O 2 

or 22.39 1 of ox\"gen at 0® C and 760 mm pressure; consequently 3.04 g H 2 O 2 will 
3 04 X 11*^00 

evolve X = ' ^1 oxygen measured under standard conditions 

of temperature and pressure. 

One hundred milliliters of the commercial hydrogen peroxide, therefore, will evolve 
1000 ml of oxygen, i.e., 10 times its own volume. This is sometimes designated as 
10 volume hydrogen peroxide. 

Other methods for determining hydrogen pero.xide will be given later. (See 
Index.) 

11. Analysis of Barium Peroxide 
1000 ml N KMnOi 84.6S5 g BaO. 

Weigh 0.2 g of the substance into a 400-ml beaker, cover with 300 
ml of cold water, and add with constant stirring, 20-30 mi of 2N 
hydrochloric acid. When aU the Ba 02 has dissolved, titrate the 
solution with 0.1 iV KMnO^. The addition of H 0 SO 4 is not advisable, 
as the precipitated BaS 04 is likely to enclose some Ba 02 which will 
then escape the titration. 

Another method for the analysis of Ba02 has been proposed by 
Kassner.* 

12. Analysis of Potassium Percarbonate 
1000 ml N KMnOi = = 99.10 g KsCsOs 

Weigh 0.25 g of potassium percarbonate into 300 ml of cold, N sul- 
furic acid, in which it dissolves with vigorous evolution of carbon diox- 
ide and formation of an equivalent amount of hydrogen peroxide : 

K 2 C 2 O 6 + 2 H 2 SO 4 = 2 KHSO 4 + 2 CO 2 + H 2 O 2 
Titrate the latter with 0.1 W potassium permanganate. 


* Arch. Pharm., 228, 432. 
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13. Analysis of Persulfates (Persulfuric Acid, ) 

( 97.07 

1000 ml N KM 11 O 4 = ] 114.1 g (NH4)2S208 

[ 135.2 g KaSsOs 

A solution of persulfuric acid does not reduce permanganate, nor does it react 
with titanic acid; on the other hand it oxidizes ferrous salts immediately in the cold 
to ferric salts, and by means of this beha\dor it can be easily determined. The 
ammonium and potassium salts are now commercial products, and are analyzed 
as follows: Weigh 0.3 g of the salt into a flask fitted with a Bunsen valve, replace 
the air by carbon dioxide, add 30 ml of a freshly titrated solution of ferrous sulfate 
and then 200 ml of hot water. Close the flask and rotate its contents. The salt 
dissolves without difficulty, and the ferrous sulfate is oxidized: 

H 2 S 2 O 8 + 2 FeS04 == Fe2(S04)3 + H 2 SO 4 

After all the salt has dissolved, cool the contents of the flask by placing the flask 
in cold winter, and titrate the excess of ferrous salt with 0.1 A KMn 04 . 

The ferrous sulfate must be added to the persulfate, and then the hot water. 
If the hot w^ater is added first, the persulfate is decomposed somewhat and the 
results obtained will be low. In this way it is found that: 

SO ml ferrous sulfate solution require T milHliters 0.1 iV KMn 04 solution. 

30 ml ferrous sulfate + a grams persulfate require t milliliters 0.1 W KMn 04 
solution. 

Consequently a grams of persulfate correspond to (T - t) milHliters 0.1 iV KMn 04 . 

In the case of the potassium salt, since 1000 ml N KMn04 — 135.2 g K 2 S 2 O 8 , 

and 1 ml 0.1 A KMn 04 = 0.01352 g KaSaOs, we have: {T -t)X 0.01352 g KS 2 O, 

. ; . , IX • X 1*352 (T -t) 

in a grams of the commercial salt, or in percentage: - per cent 

K 2 S 3 O 8 . With the ammonium salt the factor becomes 0.01141 instead of 0.01352. 

The ferrous sulfate necessary for this determination is prepared as described on 
p. 568. 

Persulfates may also be analyzed very satisfactorily by means of oxalic acid.* 
When a sulfuric acid solution of a persulfate is treated with oxaHc acid alone, there 
is no perceptible reaction. On adding a small amount of silver sulfate as catalyzer, 
however, a lively evolution of carbon dioxide takes place, and at the water-bath 
temperature the reaction is soon completed. 

HsSaOa + H2C2O4 = 2 H2SO4 + 2 CO2 

The excess of the oxaHc acid can be titrated with permanganate. 

Procedure. — Place 0.5 g of the persulfate in a 400-inl Erlenmeyer 
flask; add 60 ml of 0.1 W oxalic acid solution and 0.2 g of silver sul- 
fate dissolved in 20 ml of 10 per cent sulfuric acid. Heat the mixture 
on the water-bath until the evolution of carbon dioxide ceases; this 
requires not more than 15 or 20 minutes. Dilute the solution to about 
100 ml with water at about 40° and titrate with 0.1 iV permanganate. 

* R. Kempf, Ber., 38 , 3965 (1905). 
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14. Determination of Hydroxyiamine (Raschig)* 

1000 ml .V KMn 04 16.52 g XH.OH 

Principle, — Hydroxylamine is oxidized in hot acid solution by means of ferric 
salts to form nitrous oxide and an equivalent amount of ferrous salt: 

2 XH.OH + 4 Fe-^- 4 Fe-- -f X^O + 4 H- -f HoO 

The quantity of ferrous salt is deteimined by titration with 0.1 N potassium 
permanganate. 

Procedure, — Place 0.1 g of the hydroxylamine salt in a 500-ml 
flask and dissolve in a little water. Add 30 mi of a cold, saturated 
solution of ferric-ammonium alum and 10 ml of 7.5 AT sulfuric acid. 
Heat the contents of the flask to boiling and keep at this temperature 
for 5 minutes. Then dilute the solution with distilled water to a vol- 
ume of about 300 mi and immediately titrate with permanganate 
solution. 

Remark. — If only slightly more than the theoretical amount of the ferric salt is 
added, the oxidation of the hydroxylamine does not take place entirely in accordance 
with the above equation, but part of the substance is oxidized to nitric oxide: 

2 NH.OH + 6 Fe-^+ 6 Fe-+ -f 2 XO + 6 H- 

and it is then impossible to obtain exact results. 

15. Determination of Ferrocyanic Acid (de Haen)t 

1000 ml N KMn 04 == 1 mole K 4 Fe(CX )6 « 368.3 g K4Fe(CX)6 

Principle. — By oxidation in acid solution, ferricyanic acid is formed from ferro- 
cyanic acid: 

5 H4Fe(CN)6 + Mn04- + 3 H+ 5 H3Fe(CX)6 + Mn-- -{- 4 H.O 

Gk)od results are obtained only when the solution is dilute and contains considerable 
acid. If too much ferrocyanide is present, a precipitate of K 2 Mn[Fe(CX) 6 l 2 is 
likely to form. In this case it is necessary to make sure that sufficient acid is present 
and to dilute the solution. The end point is a change from greenish yellow to 
yellowish pink. 

Procedure. — Dissolve 10 g of potassium salt in 1 1 of water. Mix 
and transfer 50 ml to a white porcelain dish. Add 100-150 ml of water 
and 10-20 ml of 7.5 AT sulfuric acid and titrate with 0.1 A/" permanganate. 

16. Dete rmin ation of Ferricyanic Add 

1000 ml N KMn 04 = 1 mole E: 3 Fe(CN )6 = 329.2 g E:3Fe(CN)3 

Principle. — The potassium ferricyanide is reduced in alkaline solution to potas- 
sium ferrocyardde, which is titrated with permanganate. 

* Ann, Chem. PJiarm.j 241, 318. 

t lUd., 90, 160. 
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Procedure, — In a 300-mi measuring-flask dissolve 6.0 g of the ferri- 
cyanide in water, make the solution alkaline with potassium hydroxide, 
heat to boiling, and add an excess of a concentrated ferrous sulfate 
solution. At fii’st brown ferric hydroxide is precipitated, later black 
ferrous-ferric hydroxide is formed, and this shows the completion of the 
reaction. Cool, dilute the contents of the flask with water to the mark, 
filter through a dry filter (after mixing), reject the first runnings, and 
take 50 ml of the filtrate (= 1 g of the substance) for the titration with 
0.1 iV KMn 04 solution. 


17. Determination of Chloric Acid 


1000 ml N KMnOi 


ECIOa ^ 120.43 gKClOs 
6 1 17.74 g NaClOa 


Dissolve 5 g of potassium chlorate, or 4 g of the sodium salt, in 
water, and dilute the solution to 1 1. After thoroughly mixing, transfer 
10 ml to a flask fitted with a Bunsen valve and expel the air from the 
flask by a current of carbon dioxide. After this add 50 ml of a freshly 
standardized O.liV solution of ferrous sulfate in 2.5 A H 2 SO 4 and boil 
the solution 5 minutes. The following reaction takes place: 

KCIO 3 + 6 FeS 04 + 3 H 2 SO 4 = KCl + 3 Fe 2 (S 04)3 + 3 H 2 O 


After cooling, dilute the solution with cold distilled water to 200 ml, 
add 10 ml of manganous sulfate solution (cf. p. 552), and titrate the 
excess of the ferrous sulfate with potassium permanganate. 

If 50 ml ferrous sulfate required T milliliters 0. 1 AT KMn 04 soL 

and 50 ml “ + 10 ml chlorate sol. “ ^ milliliters 0.1 N “ “ 

then 10 ml of chlorate solution =0.01a grams = (T ~ t) milliliters 0.1 V KMn 04 “ 
where a = original weight of the sample 

The substance contains — - --- - — - per cent of KCIO3 


18. Determination of Nitric Acid (Pelouze-Fresenius) 

RNO- 

1000 ml N KMn 04 = 1 28.34 g NaNOs 

l33.71gKN03 

This method depends upon the fact that on heating a nitrate with an acid ferrous 
chloride solution the nitric acid is reduced to nitric oxide: 

2 KNO 3 + 6 FeCh -h 8 HCl = 2 KOI -f 2 NO + 4 H 2 O -f- 6 FeCh 

As a measure for the amount of nitrate reduced we have: 

( 1 ) The excess of ferrous salt. (2) The ferric salt produced. (3) The nitric 
oxide formed. 

The method of Schlosing-Grandeau described on p. 403 is based upon the measure- 
ment of the nitric oxide formed. C. D. Braun* estimates the amount of ferric salt 


/. prakt. Chm.^ 81, 421 (1860). 
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iormedj while Pelouze and Fresenius determine the amount of ferrous salt not used 
up in the reduction of the nitric acid. 

Procedure. — Place 1.5 g of pure iron mre in a long-necked ftaskj 
and expel the air by passing a current of pure carbon dioxide through 
it for 2-3 minutes. Then add 30-40 ml of concentrated hydrochloric 
acid, place the flask in an inclined position, and close by means of a 
rubber stopper through which tubes pass so that a current of carbon 
dioxide can be introduced. Heat the solution on the water-bath in 
this atmosphere of carbon dioxide until the iron has completely dis- 
solved, and allow the solution to cool in a current of the gas. Alean- 
while weigh 0,25-0.3 g of the nitrate into a small glass tube closed at 
one end. Drop this into the acid solution of the ferrous sulfate and 
quickly close the flask again. Heat as before for 15 minutes, 'while 
continuing the stream of carbon dioxide. Have the exit tube through 
from the flask dipping into a beaker filled with water so that there is 
no chance of any air getting back into the flask. Finally heat the 
solution to boiling and keep hot there until the dark color disappears 
and the yellow color of the ferric chloride becomes apparent. To make 
sure that the nitric oxide is entirely removed boil 5 minutes longer and 
then allow to cool in the atmosphere of carbon dioxide. When cold 
pour the solution into a beaker, rinse the flask with a little boiled water, 
and dilute to about 400 ml. Add 10 ml of manganese sulfate solution 
(p. 552), and titrate the unoxidized ferrous salt with 0.5 W KlvinO^ 
solution. 

Determine the purity of the iron wire by titrating 1 g of the wire after 
similar treatment with acid and manganese sulfate solution. 

If a grams of potassium nitrate and p grams of the vire were taken 
for the analysis, t milliliters of 0.5 KMnOi were required to oxidize the 
excess of iron, and p grams of the wire require T milliliters of 0.5 KJMn 04 , 
then: 

(T -t) X 1.685 . 

= per cent KNOs 

a 

Remark. — This method gives results just as accurate as those obtained by the 
method of Devarda (p. 402), which is much easier to carry out. 

19. Determination of Vanadic Acid 
1000 ml of 0.1 N KMnO^ = = 9.096 g V.O 5 

Conduct sulfur dioxide into the boiling acid solution of an alkali 
vanadate until the solution is dear blue in color; by this means the 
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vanadic acid is reduced to vanadyl salt: 

2 H3VO4 + H2SO3 + H2SO4 — > V 202 (S 04)2 + 5 H2O 
5 ¥202"^^ -f- 2 AIn04~ + 22 H2O 10 H3VO4 + 2 + 14 

Continue boiling and introduce a current of carbon dioxide through 
the solution until the escaping gas will no longer decolorize a solution 
of potassium permanganate, showing that the excess of the sulfur dioxide 
has been expelled. Titrate the hot solution with potassium perman- 
ganate until a permanent pink color is obtained. The end point is 
easily recognized only when the solution is hot. This accurate deter- 
mination is used for the analysis of vanadium in iron and steel, or in 
ores. (Cf. pp. 295, 580.) 

20. Blair Method for Determining Phosphorus in Steel* 

1000 ml of 0.1 A KMn 04 = = 0.0862 g P 

Transfer the yellow precipitate, obtained as described on p. 529 to a 
paper filter but use for washing the precipitate an acid ammonium sulfate 
solution (1 1 of water, 25 ml concentrated H2SO4, and 15 ml strong 
ammonia). Wash the precipitate promptly with ten 5-ml portions of 
this acid sulfate solution, wetting the upper edge of the filter paper each 
time and allowing each portion to drain through the filter paper before 
adding the next. 

Dissolve the ammonium phosphomolybdate precipitate in 25 ml of 
3iV ammonium hydroxide, wash the filter with hot water, and treat the 
filtrate with 10 ml of concentrated sulfuric acid. It is now ready for 
reduction with the Jones reductor (see p. 554). Run a blank with the 
redactor before each series of determinations, and whenever the re- 
ductor has stood idle for 3 hours. After a reductor has stood over 
night, it should be well washed with dilute sulfuric acid, before even 
running a blank test. 

In making blanks and in all determinations, the procedure is as 
follows. Add 100 ml of normal sulfuric acid through the funnel, B, 
with the stopcock C open, using a little suction. When only a little 
of the dilute acid remains in the funnel, add the solution to be re- 
duced or, in the case of blanks, 50 ml of 1.5 W sulfuric acid, and when 
this has nearly passed out of the funnel, follow with 250 ml of normal 
sulfuric acid, washing out the original beaker with this acid and adding 
it in small portions. Finally, pass 100 ml of water through the reductor 
and titrate with permanganate. Air should not be allowed to enter the 


* Andrew Blair, The Chemical Analysis of Irem. 



CHROMIUM IX STEEL 


5i7 

reductor tube, which should be kept full of water at all times when idle. 
Run blanks until two successive tests require less than 0.2 mi of 0.1. V 
permanganate to give a pink color to the acid solution. 

In the original method, the reduced solution was caught in an empty iiask aiid 
it was assumed that the MoOs of the phosphomolybdate precipitate is reduced to 
M024O37; 1 ml of 0.1 A" KAIn04 = 0.0000SS6 g P. The molybdenum is reduced 
completely to the tri valent condition by the amalgamated zinc: 
(NH4)3P0442 Mo 03 -4- 23 XH4OH = 12 (XH4-AI0O4 -f (XH4)2HP04 + 11 IhO 
2 Mo 04 ~~ -f 3 Zn -f 16 H- 2 Mo--^ -f 3 + S H2O 

The trivalent molybdenum is slowly oxidized b\' the air in the flask and by that 
shaken into the solution during the titration. A practiced manipulator usually 
titrates so that about 3 per cent of the total oxidation is accomplished by the air, 
and this corresponds to the assumption that Blair made with respect to the formation 
of the hypothetical AI024O37. The only safe w'ay to avoid this error is to catch the 
reduced solution, before it comes in contact with air, in 50 ml of 10 per cent ferric 
alum solution (100 g of ferric alum, 25 ml of concentrated sulfuric acid, and 40 ml of 
sirupy phosphoric acid per liter). 

This ferric alum solution does not change the reduced molybdenum entirely back 
to the 6-valent condition but it does oxidize it sufficiently to prevent the effect of 
the atmosphere, and for every equivalent of molybdenum oxidized an equivalent 
of reduced iron is formed so that the solution titrates exactly as if a perfect reduction 
w’as obtained without the use of the ferric salt. Since the precipitate contains 
1 P:12 Mo, and the valence change of the Mo is 3, it is clear how^ the normal w’eight 
is computed. T^Ihen this ferric alum solution is used in the analysis, it must be 
present also in running the blanks. 

To illustrate the computation assume that the ammonium phosphomolybdate 
precipitate from 2 g of steel required by the above method 12 ml of 0.1 N perman- 
ganate solution. The blank on the reductor and ferric alum w’as 0.18 ml. The 
phosphorus present in the steel is then: (12 — 0.18) X 0.00431 per cent. 

If 2.16 g of steel is taken for analysis, the percentage of phosphorus will be 0.004 
times the net volume of 0.1 iV permanganate in milliliters when ferric alum is used. 

21. Chromium in Steel 

Chromium, when present as trivalent chromic cations, is very similar to ferric 
iron with respect to its behavior tow^ard many reagents. Practically all methods 
for determining chromium in iron and steel are based upon its oxidation to the val- 
ence of 6 as chromic acid, dichromate, or chromate. Small quantities of chromium 
can be determined colorimetrically, but quantities larger than a few hundredths 
of 1 per cent are usually determined by adding a measured volume of reducing agent, 
usually acid ferrous sulfate solution, and titrating the excess with potassium per- 
manganate solution. A great many different methods have been proposed for 
carrying out the oxidation. 

(a) The Barba Method * 

Principle. — The steel is dissolved in dilute sulfuric acid, the iron is oxidized to 
the ferric state by means of nitric acid, and the chromium is oxidized by the addition 

* J. Iron and Steel Institute^ 1893, ii, 536; Iron Age, 52, 153. 
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of strong permanganate solution. The excess of the latter is destroyed by boiling 
in ammoniacal solution, the solution is acidified again, the precipitated manganese 
dioxide filtered off, a known volume of standard ferrous sulfate solution is added to 
an aliquot part of the filtrate, and the excess of the latter is titrated with perman- 
ganate. 

Procedw. — Dissolve exactly 1.25 g of steel in 20 ml of 6N sul- 
furic acid, and when the sample has dissolved, add concentrated nitric 
acid, drop by drop, until all the iron is oxidized to the ferric state. Boil 
the solution to remove nitrous fumes, dilute to 150 ml, add 5 ml of 6 per 
cent potassium permanganate solution and boil briskly for 15-20 min- 
utes. Remove from the hot plate, wash the sides of the beaker with 
water and pour 25 mi of concentrated ammonium hydroxide down 
the sides of the beaker. Stir the liquid vigorously and place on the 
cooler part of the hot plate, for if it is heated too rapidly there is likely 
to be loss by bumping.^’ Digest with occasional stirring for 15 min- 
utes, or until the permanganate is all decomposed as shown by the 
disappearance of the pink color. Then carefully add 20 ml of 16 JV 
sulfuric acid and heat the solution to boiling. Transfer to a 250-ml 
measuring-flask, cool to room temperature, and dilute to the mark. 
After thoroughly mixing by pouring back and forth several times into 
a dry beaker, filter the solution and use exactly 200 ml (1 g of metal) 
for the rest of the analysis. Add 50 ml of standard ferrous sulfate 
solution (see p. 587), and titrate the excess with 0.1 A' permanganate. 

Com'putaiion, — When the ferrous sulfate solution is added, the 
chromium is reduced from chromic acid to chromic salt in accordance 
with the following equation: 

2 H2Cr04 + 6 FeS04 + 6 H 2 SO 4 = ^ 2 ( 804)3 + 3 Fe2(S04)3 + 8 HgO 


The ferrous sulfate solution is not very stable and should be titrated 
against the permanganate at the same time the analysis is made. If 
50 ml of the ferrous sulfate solution are equivalent to Ti milliliters of N- 
normal permanganate, and milliliters of permanganate were used in 
titrating the excess of ferrous sulfate in the analysis of s grams of steel, 
then 


- P 2 ) X A X 1.734 


= per cent Cr 


(b) Sodium Bismuthate Method 
1000 ml of 0.1 N KMn 04 = 1.734 g Cr 

PriTidple, — Sodium bismuthate, NaBiOs, is often used for oxidizing manganese 
from the bivalent to septavalent condition (cf. p. 559). This oxidation takes place 
best m a cold solution containing 20-40 per cent of nitric acid (free from nitrous acid) 
in a volume of 50-100 ml.* Moreover, an excess of sodium bismuthate should be 


* William Blum, J, Am. Chem. Soc., 34 , 1395. 
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present and the solution must not stand long. Under these conditions si-arcely any 
chromium is oxidized so that the manganese may be determined by the bismuthate 
method even when chromium is present.* If the solution is heated to boiling, the 
permanganate is decomposed and the manganese is precipitated as manganese 
dioxide. Chromium, on the other hand, is oxidized in hot solutions from the tri- 
valent to the sexa valent condition, and the chromic acid is not decomposed by boil- 
ing unless some reducing agent is present. In hot solutions, therefore, it is possible 
to oxidize the chromium by sodium bismuthate, to filter off the precipitated man- 
ganese dioxide, and to determine the chromium in the filtrate by adding a known 
volume of standard ferrous sulfate solution and titrating the excess as in (a). 

Procedure. — Dissolve 2 g of steel in a 250-ml Erlenineyer flask in 
50 ml of 4 A’ nitric acid. If there is any carbonaceous residue, as in 
the analysis of cast irons, it must be removed and should be filtered 
off and examined for chromium by fusion with an alkaline oxidizing 
flux. If the metal is difficultly soluble in nitric acid, it is sometimes 
necessary to add sulfuric acid to hasten the solution. 

When the sample is entirely dissolved, cool the solution to between 
65° and 75° and add 2 g of sodium bismuthate. Agitate the contents 
of the flask for a few’ minutes, and then w^ash dowm the sides of the 
flask with a little water. Heat the solution and gently boil until all 
the permanganate formed from the manganese in the steel is decom- 
posed as shown by the color. This usually requires about 15 minutes. 
Add 50 ml of 0,5 W nitric acid, and filter off any precipitated manganese 
dioxide or undissolved sodium bismuthate on an asbestos filter. Wash 
the residue 3 times with 50-ml portions of the dilute nitric acid. Cool 
to room temperature by running tap water over the flask and finally 
dilute with distilled water to 500 ml. Add a measured volume of 
ferrous sulfate solution and titrate the excess with permanganate as 
in (a). 

* This statement has been made by several wTiters, but considerable evidence 
has accumulated to prove that, as ordinarily carried out in the laboratory, the bis- 
muthate method for the determination of manganese in a steel containing chromium 
is likely to give high results oving to a partial oxidation of chromium by the bis- 
muthate. If the essential conditions with regard to temperature, acidity, and time 
allowed for the completion of the reaction are adjusted very carefully it is probably 
possible to get accurate results in the manganese determination, but in ordinary 
practice it is advisable to separate the manganese and chromium by precipitating the 
latter. This can be accomplished satisfactorily by means of zinc oxide (cf. Volhard 
method, p. 558) . The manganese can then be determined by the bismuthate method 
in an aliquot part of the filtrate. 
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Determination of Chromium and Vanadium in Alloy Steel * 

In this procedure the manganesej chromium, and vanadium are first obtained in 
the bivalent, trivaient and quadrivalent states respectively by dissolving in acid. 
By the action of persulfate in the presence of silver salt as catalyzer, the bivalent 
manganese is oxidized to the valence of 7, the trivaient chromium to the valence 
of 6, and the quadrivalent vanadium to the valence of 5. By the addition of a 
limited quantity of chloride, the permanganic acid is reduced to manganous salt 
and the excess persulfate is removed by boiling. The chromic acid is then reduced 
to chromic salt by a measured quantity of ferrous solution, and the excess titrated 
with permanganate. The chromium content corresponds to the amount of ferrous 
salt required. The vanadium, to be sure, is reduced to vanadyl salt by the ferrous 
iron but is again oxidized to vanadic acid by the permanganate so that it affects 
the analysis only by making the end point a slow one. 

After the titration, all manganese is present as manganous salt, all chromium as 
chromic salt, and all vanadium as vanadate. Another portion of ferrous salt serves 
to reduce the vanadium to quadrivalent vanadyl salt. The excess ferrous iron can 
be oxidized by stirring with persulfate solution without oxidizing the vanadium 
and the vanadyl salt can be titrated ^^dth permanganate. 

Procedure, — Weigh out 2 g of sample, or less if more than 2 per cent 
of chromium is present, into a 600-ml beaker, and cover it with a mix- 
ture of 45 ml water, 12 ml concentrated sulfuric acid, and 6 ml of 
phosphoric acid, d. 1.7. Heat until there is no further action, add 5 ml 
of concentrated nitric acid, and boil to decompose carbides and oxidize 
the iron. (If a yellow residue of tungstic acid is formed, filter it off 
and reject it. If a black carbide residue remains, filter, ignite, fuse 
with sodium carbonate, and add the aqueous extract of the melt to 
the main solution.) Dilute to about 300 ml; add 10 ml of 0.1 AT silver 
nitrate and 15 ml of freshly prepared 8 per cent ammonium persulfate 
solution. If a permanganate color does not develop from the man- 
ganese in the steel, add more silver nitrate and more persulfate. Then 
boil 8 minutes to decompose the excess persulfate, add 2 ml of GAT 
hydrochloric acid, and heat 10 minutes after the permanganate color, 
or any precipitated manganese dioxide, has disappeared. Cool, dilute 
to 400 ml, add 25 ml of 0.1 W ferrous ammonium sulfate solution from 
a pipet, and test a drop of the solution on a white background with 
a freshly prepared solution of potassium ferricyanide. If the blue 
test is not obtained, add another portion of ferrous salt. Titrate the 
excess with 0.1 A^ permanganate until the pink end point persists after 
stirring for 1 minute. 

In this analysis a perceptible excess of permanganate is required 
because of the dilution and the color of the chromic salt. To allow for 

* Procedure based on Methods of the Chemists of the IJnited States Steel Cor- 
poration. Students making the analysis for the first time find it easier to follow 
these directions than those of the preceding method. 



CHROMIUM AND VANADIUM IX .ALLOY STEEL 581 

this error, assume that the milli-equivalent of chromium is 0.01744 
instead of the theoretical value. The end point is a little difScuit 
because of the slow rate of oxidation of the vanadium in cold, dilute 
solutions. 

Determination of Vanadium, — After the chromium determination, 
add 5 ml of standard ferrous ammonium sulfate solution from a pipet. 
Stir and test a drop of the solution for ferrous iron with fresh ferricya- 
nide solution, adding another pipetful of ferrous salt if necessary. Add 
8 ml of 15 per cent ammonium persulfate solution and stir 1 minute 
to oxidize the excess of ferrous salt. Then titrate with permanganate 
till the end point persists after 1 minute’s stirring. In this case, the 
vanadium is titrated directly and 1 ml of 0.1 A permanganate oxidizes 
0.005096 g of vanadium. The error due to dilution and color of the 
chromic ions is positive. From the percentage of vanadium found, 
subtract 0.02 plus 0.018 times the percentage of chromium in the 
sample. 

The important chemical reactions involved in the persulfate method for deter- 
mining chromium and vanadium in steel can be expressed by the following equations: 

Oxidation with persulfate in the presence of Ag'^ ions: 

2 Cr+++ + 3 SoOs””" + 7 HoO CroOr"' + 6 S04"” + 14 H+ 

2 VO++ 4- S20s““ + 4 HoO 2 HVOa + 2 S04"" 4- 6 H+ 

2 Mn++ 4- 5 SsOs"*" -f 8 H 2 O 2 HMn 04 4- 10 S 04 “” 4- 14 H+ 

Removal of the catalyzer and reduction oj 

Ag+4-Cl >AgCl 

2 HMn 04 + 14 H+ 4- 10 Cl > 2 Mn-^ + 8 H 2 O + 5 CI 2 

Reduction with 

■ 4- 6 Fe++ + 14 H+ * 4-6 Fe+++ 4- 7 H 2 O 

HVOs 4- Fe++ 4 - 3 H+ - ■ Fe+++ + 2 H.O 

Titration with KMnO^: 

0 Fe++ 4- Mn 04 '' 4 - 8 H+ 5 Fe+++ 4 - Mn* 4 H.O 
4-6H20-^5HV03- +7H+ 

Reduction with FeSOi the second time: 

HVO 3 4-Fe++4-3H+^VO++ ■ 2 H 2 O 

Removal of excess FeSOi the second time: 

2Fe++4-S208'’'^2 

Final titration: 

5 VO++ + Mn 04 “ + 6 H 2 O ^5 HVO 3 4- Mn++ 4 - 7 H+ 



582 


VOLUMETRIC ANALYSIS 


22. Detennination of Molybdenum, in Wulfenite and Molybdenite* 

1. Method of Dissolving Wulfeyiite 

Dissolve 1 g of the powdered ore by treatment with 15 ml of con- 
centrated nitric acid and 7 ml of concentrated sulfuric acid in a 
150-ml covered beaker at a temperature just short of boiling. When 
practically complete decomposition has been effected, evaporate until 
fumes of sulfur trioxide are expelled freely. Cool, add 40 ml of water, 
boil to dissolve the bulk of the molybdenum, cool to tap-water tempera- 
ture, and filter into a 150-ml beaker; the residue consists of lead sul- 
fate, silica, and possibly small amounts of undecomposed ore, and 
tungstic and molybdic acids. Save both the residue and the filtrate. 

Dissolve the lead sulfate in hot ammonium acetate solution (see p. 
187), washing until the ammonium acetate filtrate gives no test for 
lead with ammonium sulfide solution. Ignite the silicious residue 
in a platinum crucible and remove silica by treating it with sulfuric 
and hydrofluoric acids. Evaporate till all the excess acid is expelled. 
If an appreciable residue remains after this treatment, fuse it with 
potassium pyrosulfate and test for molybdenum by means of tartaric 
acid and ammonium sulfide as further described. The residue, however, 
seldom contains any molybdenum. 

2. Method of Dissolving Molybdenite 

Treat 0.5-5 g of the finely pulverized sample with 10-35 ml of con- 
centrated nitric acid and 7-10 ml of concentrated sulfuric acid in a 
250-ml beaker, covered with a watch glass. Digest at a temperature 
somewhat below the boiling point until most of the molybdenite appears 
to have been decomposed, and then evaporate until strong fumes of 
sulfur trioxide are evolved. When the beaker and its contents have 
cooled, add 50 ml of water and boil briskly for a few minutes. Filter 
into a 150-nil beaker. Wash the residue with hot water, then 6 or. 8 
times with ammonium hydroxide, and finally with hot water, 
allowing the washings to run into the main filtrate. 

Treat the silicious residue (which will also contain nearly aU lead and 
barium present in the ore) with ammonium acetate solution (cf. p. 187) 
and ignite the remainder at a very low red heat in a porcelain crucible, 
cool, transfer to a platinum crucible, treat with 2 or 3 drops of concen- 
trated sulfuric acid and several milliliters of hydrofluoric acid, and 
evaporate until sulfuric acid has been completely expelled. Fuse the 

* Method furnished by the Bureau of Standards and based upon the work of 
J, A. Holliday and A. M. Smoot. 
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small residue remaining with sodium carbonate, extract with water, and 
add the water extract to the main solution. 

3. Method of Analysis 

To the solution containing all of the molybdenum, add sufficient 
ferric sulfate to provide 10 times as much iron as there is arsenic pres- 
ent; from 0.3 to 0.4 g is usually ample. Nearly neutralize the acid 
with ammonia (do not add enough to impart a red tint to the solution), 
heat nearly to boiling and pour slowly and with vigorous stirring into 
75 ml of nearly boiling 9 N ammonium hydroxide contained in a 250- 
ml beaker. When the precipitate has settled, filter and wash thoroughly 
with hot water. Dissolve the precipitate in a slight excess of hot 7.6 N 
sulfuric acid, heat to boiling, and pour again into 75 mi of boiling 9N 
ammonium hydroxide. Collect the two filtrates, containing all the 
molybdenum, in a 500-ml beaker. It is essential that arsenic, which is 
usually present in these ores, be eliminated, and the method described 
furnishes a simple and effective way for accomplishing this. The 
addition of ferric sulfate should be omitted only if arsenic is known to be 
absent. 

To the combined ammoniacal filtrates, add 3 g of tartaric acid, and 
when the acid has dissolved, saturate the warm solution with hydrogen 
sulfide. The presence of tartaric acid is necessary to prevent the sub- 
sequent precipitation of vanadium and tungsten sulfides. If these 
elements are known to be absent its use may be dispensed with. Under 
these conditions the molybdenum remains in solution as ammonium 
thiomolybdate, (NH 4 ) 2 MoS 4 , which imparts a deep red color to the 
solution. If a small precipitate of insoluble sulfides separates out, 
filter and wash with hydrogen sulfide water. Make the thiomolyb- 
date solution slightly acid with sulfuric acid (cf. p. 274), 

Heat for a short time, allow the precipitate to settle, filter, and wash 
thoroughly with hydrogen sulfide water containing a little of sulfuric 
and tartaric acids. 

The filtrate from the molybdenum sulfide sometimes contains ap- 
preciable amounts of molybdeniun. 

Boil off the hydrogen sulfide, add an excess of bromine water to 
oxidize molybdenum, expel the excess by boiling, make ammoniacal 
as before and treat with hydrogen sulfide and acid as outlined on p. 274. 
If any more molybdenum sulfide is formed, recover it. 

Place the molybdenum sulfide precipitate and filter paper in a 250- 
ml flask and treat with 6 ml of concentrated sulfuric acid and 10 ml 
of concentrated nitric acid. Evaporate to fumes and repeat the nitric 
acid treatment, evaporating until the filter paper has been completely 
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destroyed and every trace of yellow color due to carbonaceous matter 
has disappeared. When this has been accomplished, allow the solu- 
tion to fume strongly for a short while, cool, add 5 ml of water, and 
again evaporate to fumes to insure the expulsion of every trace of rdtric 
acid. Cool, add 75 ml of water and boil for a few minutes, w^hich should 
give a perfectly clear solution. Add 5 g of pure, shot zinc (0.002 per 
cent iron or under) and boil the solution until most of the zinc has 
dissolved; this results in partial reduction of the molybdenum and 
complete precipitation of the traces of copper which are usually pres- 
ent. Filter on an asbestos or alundum filter to remove the un- 
dissolved zinc and the copper. 

Reduce the molybdenum completely as described on p. 576 and ti- 
trate with 0.1 iV permanganate; 1 ml 0.1 W permanganate solution = 
0.003200 g of molybdenum. 

23. Determination of Titanium* 

1000 ml 0.1 A RMn 04 = 0.1 gram-atom Ti = 4.790 g Ti 

Principle. — The reduction of titanium from the quadrivalent to trivaient con- 
dition proceeds rapidly and quantitatively in 1.1 to 1.8 A H 2 SO 4 solution by passage 
through a Jones reductor. Organic compounds, nitric acid, tin, arsenic, antimony, 
molybdenum, iron, chromium, vanadium, tungsten, uranium, and columbium must 
be absent but, with the exception of the rare element columbium, all these can be 
easily separated from titanium. Nitric acid can be removed by repeated evapora- 
tion with sulfuric acid. Arsenic, antimony, and tin can be removed as sulfides from 
a solution sufficiently acid to prevent hydrolysis of the titanium. Iron can be 
precipitated as sulfide from an alkaline tartrate solution (see p. 114), and the organic 
matter then removed by treatment with nitric and sulfuric acids. Chromium, 
vanadium, tungsten, and uranium can be removed by oxidation in alkaline solution 
with sodium peroxide and boiling to precipitate titanium hydroxide. 

Procedure. — Carry out the reduction as described on p. 576 for 
molybdenum taking the precaution to wash out the reductor with 
dilute sulfuric acid before each run which is carried out in the following 
order: 25 to 50 ml of 1. 1-1.8 W sulfuric acid, 150 ml of the same strength 
acid containing 0.12 g of titanium or less, 100 ml more of acid, and finally 
100 ml of water. Catch the solution in 3 times the theoretical quantity 
of ferric sulfate dissolved in SW sulfuric acid, and titrate the ferrous 
sulfate solution with permanganate. The reduction takes place at any 
temperature between 25° and 100°, and it is not necessary to expel air 
from the solutions used in the reductor. 

+ Zn-^2Ti-^^ + Zn++ 

Fe+++ Fe++ + ' 

* G. E. F. Lundell and H. B. Knowles, /. Am. Chem. Soc., 45, 2620 (1923); 
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Rapid Determination of Titanium in Ores 

The following method of analysis has proved useful for the rapid evaluation of 
ore samples which are practically free from the interfering elements enumerated 
above. The entire analysis can be made in less than an hour and the results agree 
satisfactorily. 

Weigh out 0.5 g of 200-mesh ore into a clean, dry, S-inch test-tube 
together with about 7 g of fused potassium bisulfate. Tap the sides 
of the tube to drive down adhering particles, and clamp the tube loosely 
in such a way that it can be readily swung in a horizontal plane. 

Heat the mass gently until the flux has melted and the greater part 
of the water has been expelled from the flux. When an orange colora- 
tion is noticeable along the sides of the tube at the top of the melt, raise 
the temperature gradually to redness and fuse until there are no more 
bubbles arising from the bottom and no wiiite particles in the upper 
portion. Then heat any portion of the tube where there is any evidence 
of spattering. Next swing the tube about and allow the molten mass 
to run half way up the tube. In a few minutes the mass will solidify 
and the melt will crack so that it can be easily dislodged from the tube 
with the aid of a steel spatula. 

Add to the tube 30 ml of 18 W sulfuric acid and heat until the melt 
has dissolved to a clear solution. Disregard a slight turbidity. An 
insoluble residue is usually silica or a difficultly soluble sulfate. If 
Ti 02 forms at this stage by hydrolysis, it can be distinguished on account 
of its relatively high index of refraction and appears as sharply con- 
trasted white lumps. These may be dissolved by heating 10 minutes 
mth 5-10 ml more of the 18 N acid. 

Dilute the solution to 250 ml and pass through a Jones redactor 
as described on p. 576 but using very httle if any suction, and ha\dng 
a lump of marble, weighing about 5 g, in the flask to provide an atmos- 
phere of carbon dioxide, and with no ferric sulfate in the flask. First 
pass 50 ml of 3-5 per cent sulfuric acid through the cleaned redactor 
tube (cf. p. 584), then the titanium solution, next 100 ml more of 3-5 per 
cent acid, and finally 100 ml of water. Add 5 ml of concentrated 
potassium thiocyanate solution and titrate the reduced titanium with 
standard ferric alum solution* until a light orange or red color is per- 
manent for 90 seconds. As long as the solution shows a violet color 
due to trivalent titanium, add the ferric alum solution fairly rapidly in 
5-ml portions, shaking as little as possible. Hun a blank to determine 
how much ferric alum is required to give an end point in 500 ml of 3 per 
cent sulfuric acid, using the same volume of indicator as used in the 

* 50 g Fea (804)3- (XH4)2S04*24H20 dissolved in 1 1 of 0,5XH2SO4. 
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analysis. Standardize the ferric alum solution against 0.2 g of pure 
Ti 02 fused and treated as in the analysis. 


B. Potassium Dichromate Methods 

1. Determination of Iron according to the Method of Penny 

1000 ml A* IvoGroO? = 1 gram-atom Fe = 55.84 g Fe 

Potassium dichromate is one of the well-known oxidizing agents used 
in volumetric analysis. It reacts, for example, with ferrous, stannous, or 
titanous salts and is reduced, thereby, to trivalent chromic salt. Equa- 
tions for the reduction of the dichromate ion and oxidation of ferrous 
ion, etc., have been given on p. 476. Expressed in terms of electrons, 
e, the equation for the reduction of dichromate can be written 
Cr207”~ + 14H+ + 6 6 = 2 Cr-H-f- 4^ 7 H 2 O 

and that of the oxidation of ferrous ion 

Fe++ - € = Fe*^ 

These equations represent what actually takes place when the reduc- 
tion of the dichromate is accomplished at the cathode and the oxidation 
of the iron is brought about at the anode of an electrolytic ceU. There are 
6.06 X 10^^ actual atoms of iron in a gram-atom and if we multiply the 
actual charge of the electron by 6.06 X 10-^ we obtain the value 96,500 
coulombs which is called a faraday. When 6 faradays of electricity 
pass through an electrolytic cell containing an acid solution of dichromate 
at the cathode and a ferrous salt at the anode, 1 mole of dichromate will 
be reduced and 6 moles of ferrous iron will be oxidized. The above 
equations, therefore, show that the equivalent weight of dichromate is 
one-sixth of its molecular weight and of ferrous ion it is one atomic 
weight. The equation 

CrsOy"' + 6 Fe-H- + 14 H+ -> 2 Cr+-H- -]- 6 Fe+++ + 7 H 2 O 

is one representing six equivalent weights of both dichromate and iron. 
The equation, of course, could be written with one equivalent weight of 
oxidizer and reducer 

i CV2O7 + Fe++ + 2 | H+ I Cr+++ + Fe+++ + i| H2O 
but it is better not to use fractional parts of molecules in equations. 

Preparation and Standardization of Dichromate Solution 

Prepare an approximately tenth-normal solution of potassium di- 
chromate by dissolving not more than 5 g of the salt in water and dilut- 
ing the solution to the volume of about 1 1. 
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Prepare an approximateh" tenth-normal solution of ferrous ammonium 
sulfate by mixing 40 g of the crystals with 50 mi of 6.V sulfuric acid 
and diluting to about 1 1. The ferrous ions in this solution oxidize 
slowly from atmospheric oxygen that dissolves in the solution. The 
acid is necessar}”, therefore, to keep the salt in solution since the original 
salt contains acid combined with bivalent ferrous ions and not enough 
for the trivalent iron formed by oxidation. The strength of this solu- 
tion will diminish slowly from day to day. The dichromate solution, 
on the other hand, is very stable. 

To determine the relative strengths of the two solutions, fill a glass- 
stoppered buret with the dichi'omate solution, taking the usual precau- 
tions with respect to cleaning and rinsing, and fill a plain buret with the 
ferrous solution. Or, since the relative strengths of the two solutions 
change slightly from day to day and the determination may have to be 
repeated frequently, it is somewhat more convenient to use a 25-ml 
pipet for the ferrous solution, cleaning the pipet carefully (see p^ 467) 
and rinsing it wdth three portions of the solution. 

Run out from the buret about 40 ml of the ferrous solution into a 
beaker or flask of about 300-ml capacity. Add 10 ml of GiV hydro- 
chloric acid and 100 ml of water. Mix and titrate with the potassium 
dichromate solution. 

Determination of the End Point. — The end point of this titration 
can be determined in three ways: (1) by means of an external in- 
dicator, (2) by an internal indicator, and (3) by the potentiometer. 

(1) The end point of the titration of ferrous ions with dichromate can be deter- 
mined by taking a drop of the solution and testing it on a white porcelain “spot 
plate” with a drop of potassium ferricyanide solution. This method is capable of 
giving excellent results after a little practice. Objections can be raised that some 
of the solution is lost by taking out the drops of solution for the tests, and if the 
testing is started too soon, the loss may be appreciable. Since a drop of 0.05 ml is 
only 1/4000 of a total volume of 200 ml, this error is not serious if the iron content 
is less than 0.1 g when the first test is made. Another difficulty lies in the fact that 
a negative test for in a single drop of solution does not prove positively that 
the entire solution contains less than 0.2 mg of Fe+'*‘ unless the test serines to indicate 
O.OOOOo mg of Fe"^"^ in the drop taken. 

(2) Just as there are dyestuffs wffiich change color at a definite pa value of an 

aqueous solution and serve as indicators in alkalimetry and acidimetry, so there are 
certain organic substances which change color as a result of oxidation or reduction. 
Diphenylamine, (C 6 H 4 ) 2 NH, diphenylbenzidine (— C6H4*XH-C6H5)2, and diphenyl- 
amine sulfonic acid, (C 6 H 4 )NH(C 6 H 3 'S 03 H), are such substances. Each of these 
substances is oxidized less readily than ferrous ions. During the oxidation of Fe++ 
by Cr 207 , the Fe'*'+/Fe'^^ potential falls as the concentration of becomes 

smaller and that of the Fe+++ becomes larger, or, in other words, it becomes harder 
for the oxidation to take place. There is not quite enough difference between the 
oxidation-reduction potentials of the Fe'^/Fe+++ and that of the above-mentioned 
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orgamo substances to make sure that the oxidation of the Fe++ is eomnlefp W 
that of the amine starts, but this diflSculty as weU as the effect of yellow ferric ohlorM^ 
m tte solution can be overcome by adding some phosphoric acid which remmj 
n fi, i FeCh from the solution, forming a colorless acid phosphate oomnlex 
On the other hand, it requires a measurable quantity of the diehromate solution to 

oS Srettiom compound. This causes a slight error in the 

(3) Since the oxidation-reduction potential shown bv a DlatimiTYi j 

measured against a standard calomel cell changes sharply as soon as 1 Toplro I Y 
(hchromate solution in excess is added, the potentiometer is capable of iuLlw a 

szou. -s 

It is important to use the same method in standardizing the solution 
as m the ana ysis because a shght excess of reagent causes a low stand- 
ardization value and a high value in an analysis. A titration error 
therefore, is compensated when the same error is made in the stand’ 
ardization and in the analysis. The compensation is exact wl^ 

T r .T P standardization 

Method 1. Prepare a fresh solution of about 10 mg of pure notassium 

to's? “ “ « «r 

tion that was prepared on another day. With a stirring-rod, transfer 
small drops of this indicator solution to the cavities in a spot plate or to a 
paraffin coatmg on a white surface. When about 30 ml of the dichromate 
solution have been added from a buret, take out a drop of the solution 
0 . th, end „ . slir^-„d »d add it to . drop of the 
eyamde solution. Wash the stirring-rod before returffing it to the 
solution. If the test shows an intense blue color, continue adding the 
dichroinate in 1.0 to 0.25 ml portions until only a light blue test is 
obtamed, and then test after each drop or two. 

If the indicator solution has stood for some time and a little ferropvflnirio x 

as end point the fat test in which a blue does not deX^ r^^e 

Compute the value of 1 ml of ferrous solution in terms of the dichro 
mte solution by dividing the volume of dichromate solution required 
by the volume of ferrous solution taken ^ 

somS “I) of f Jio ferrous 

S Tlw rb ‘^f 0 ^ solution 

Too M diphenylamme sulfonic acid, and dhute to about 
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To prepare the indicator solution, dissolve 0.32 g of the barium salt of dipiienyi- 
amine sulfonic acid in 100 mi of water, add 0.5 g of sodium sulfate, mix, and allow 
the barium suKate precipitate to settle. Decant off the clear solution. If this 
indicator is not available, a solution of 0.2 g diphenylamine in 100 ml of pure, con- 
centrated suKuric acid can be used instead. 

Add the dichromate solution slowly while stirring until the pure green 
color changes to a gray, a greenish gray, or a bluish green if considerable 
iron is present. From this point, add the dichromate 1 drop at a time 
until the first tinge of purple appears and remains on stirring. From 
the total volume of dichromate used, subtract 0.05 ml as a blank on the 
indicator. Divide the volume of dichromate required by the volimie 
of ferrous solution taken to get the value of 1 ml of the latter in terms 
of the former. 

Standardization of the Dichromate Solution. — Potassiimi dichromate 
can be obtained sufficiently pure to serve as a standard. A solution of 
potassium dichromate of known strength, therefore, can be obtained by 
weighing out the requisite quantity of the pure, recrystallized salt 
(4.904 g for 1 1 of tenth-normal solution) into a volumetric flask, dis- 
solving in a little water, diluting up to the mark, and mixing thoroughly 
by pouring back and forth at least four times into a beaker which is 
clean and dry at the start. The solution can be standardized in three 
ways: (1) against a sample of pure ferrous ammonium sulfate, (2) against 
a sample of pure iron wire or iron of known purity, or (3) against a fer- 
rous solution which has been titrated within a few hours against a 
solution of potassium permanganate which has been standardized 
recently against sodium oxalate. If the first method is chosen, it is 
always well to test the solution after it has been prepared by one of the 
other methods. 

Against the second method of standardization, objection has been raised that it 
has been found difficult to prepare absolutely pure iron. Moreover, the impurity 
present may be oxidizable so that if the purity of the sample is known it is also 
desirable to know what the impurities are. Electrobdic iron, therefore, has been 
recommended, but even this is sometimes impure and it is troublesome to ask each 
student to prepare his own material. If the sample of iron is in contact with moist 
air, it rusts quickly. Similarly with respect to the ferrous ammonium sulfate, 
FeS 04 -(NH 4 ) 2 S 04 - 6 H 20 , or ferrous sulfate, FeS 04 * 7 H 20 , it is possible to purchase 
samples which are at least 99.9 per cent pure; but if the open bottle is allowed to 
stand in the air, some water of crystallization is usually lost and salts with so much 
water of crystallization are not ideal standards. For the purposes of instruction, 
‘‘iron for standardization” or pure ferrous ammonium sulfate (Mohr’s salt) can be 
used satisfactorily, but the student should bear in mind that, although the results 
of his analyses may agree perfectly, the actual values may be as much as 0.25 per cent 
of the total iron content in error when these faulty standards are used. 
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1 . Standardization against Pure Ferrous Ammonium Sulfate. — 
Weigh out portions of 1.5-2.0 g of pure Mohr’s salt, recording the weight 
to the nearest milligram. Add 10 ml of 6N hydrochloric acid dilute 
and titrate promptly with potassium dichromate solution, using the 
same method of determining the end point as that chosen for the pre- 
liminary titration of dichromate against ferrous sulfate solution (p. 587). 
If the solution stands long it will become oxidized to some extent and 
become useless as a standard. 

Since the equivalent weight of FeS 04 '(NH 4 ) 2 S 04 - 6 H 20 is the mo- 
lecular weight, 392.13, the normal concentration N of the dichromate 

V 

solution will be found by the formula ^ ^ q Q 3923 ; "" ^ ^ 

liters of dichromate are used in titrating p grams of pure ferrous am- 
monium sulfate. 

2 . Btaiidardization against Iron. — Weigh out accurately 0.24-0.26 g 
portions of pure, bright iron wire, handling it as little as possible, rolling 
it up so that it will not interfere with the free movement of the balance 
and discarding any rusty wire. Drop each weighed portion of wire into 
an Erlenmeyer flask containing 30 nol of GW hydrochloric acid. Place 
a small watch glass on the flask or, still better, a stemless, 40-mm funnel 
in the neck, and heat gently until all the wire is dissolved. Wash down 
the sides of the flask with a little hot water and add stannous chloride 
from a dropper until the solution is colorless,* but avoid adding an 
excess. Dilute with 150 ml of water, cool under the water faucet, and 
add 10 ml of mercuric chloride solution. Allow to stand about 2 min- 
utes and titrate with dichromate, determining the end point as described 
on p. 587. 

* There is usually a slight oxidation of the iron and formation of yellow ferric 
chloride, unless special pains are taken to exclude air during the heating and cooling. 

4 Fe++ + O 2 + 4 H+ 4 Fe+++ + 2 H 2 O Fe+++ + 3 CF ^ FeCh 
The stannous chloride reduces the ferric salt: 

2 FeCh + SnCb = 2 FeCh + SnCh 

and the excess reducing agent reacts with mercuric chloride to form a precipitate of 
mercurous chloride: SnCh + 2 HgCh Hg 2 Cl 2 + SnCh, provided a considerable 
excess of mercuric chloride is added. If, however, too much stannous chloride is 
present, some metallic mercury is precipitated; 

SnCh + HgCh SnCU + Hg 

and the analysis is spoiled; because the precipitated mercury dissolves in acid when 
an oxidizing substance is present. The mercurous chloride precipitate should be 
white and silky in appearance; if it, is dark colored, discard the solution. 

As reagents use a solution 'of 50 g SnCl2‘2H20 in 100 ml of concentrated hydro- 
chloric acid, and a solution of 27 g mercuric chloride in a liter of water. 
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From the net volume of potassium dichromate solution, n milliliters, 
required to oxidize a solution of ferrous salt from p grams of iron wire, 
compute the normahty of the dichroraate solution as follows: 

P _ w 
n X 0.05584 *’ 

3. I ndirect Standardization against Sodium Oxalate. — Either of the above 
methods of standardization will give results which are sufficiently accurate for prac- 
tice with the potassium diehromate titrations. If, however, it is desired to get results 
which will be correct within less than 0.25 per cent of the total iron content {e.g.^ if it 
is desired in the analysis of an iron ore containing 00 per cent Fe 203 to get results 
which are within less than 0.15 per cent of the weight of sample), neither method is 
satisfactor 3 \ If the bottle containing the ferrous ammonium sulfate is left standing 
exposed to the air, and this vtill happen when a sample is kept in a phial under a cork 
stopper because cork, unless paraffined, is not impervious to air, there will be a 
gradual efflorescence of the crystals and as a result the iron content will become 
greater than the theoretical value of the pure salt, "^^lien iron wire is used as a 
standard, there may be some unobserved rust on the wire or there may be sufficient 
impurity in the metal to affect the results appreciably. 

The Bureau of Standards will furnish at a reasonable price a sample of sodium 
oxalate w'hich, w’hen handled as directed, may be regarded as better than 99.99 per 
cent pure. The reaction between sodium oxalate and potassium diehromate cannot 
be used to serve as a direct method of standardization. In cold, dilute acid solutions, 
the oxalate ion is not oxidized quantitatively by diehromate. An indirect method, 
how^ever, can be used. 

Procedure. — Standardize a solution of potassium permanganate 
against pure sodium oxalate as directed on p. 547. With the aid of a 
pipet, transfer 25-ml portions of a ferrous sulfate solution (see p. 587) to 
each of four 400-ml beakers or 300-ml Erlenmeyer flasks. Titrate two 
of these portions against the potassium permanganate solution which 
has just been standardized and the other two portions against the 
potassium diehromate solution. Then if a millihters of AVnormal per- 
manganate are used and h milliliters of the diehromate solution, the 

normal concentration Ni, of the latter is ~-Na = Nb. Each of the 

above titrations should agree witMn 2 parts in- 1000 of its duplicate, and 
the final results should be within 0.2 per cent of the truth. 

Deteimination of Iron in Limonite 

Weigh out accurately to four decimal places about 0.5 g of finely 
powdered ore into a small porcelain crucible. Using a small flame, roast 
the ore at dull redness for 5 minutes to destroy organic matter. Allow 
the crucible to cool, transfer the limonite to a small beaker, and remove 
the stain in the crucible by heating with four 5-nal portions of 6iV by- 
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drocMoric acid. Heat the limonite with the acid until the residue no 
longer shows the limonite color. Add stannous chloride dropwise to 
the hot solution until the yellow color due to ferric chloride disappears 
and the solution is nearly colorless,* but avoid an excess. If more than 
1 drop in excess is added, add a little potassium permanganate till a 
yellow color is obtained and repeat the reduction. Cool, dilute to 50 
ml, and quickly add 8 ml of saturated mercuric chloride solution. Wait 
3 minutes to make sure that the reaction is complete, transfer to a larger 
beaker, dilute to about 300 ml, and titrate with dichromate without 
further delay. 


Determination of Chromium in Chromite 

By fusion with sodium peroxide, the trivalent chromium is oxidized to chromate: 

2 FeCr 204 + 7 Nao02 2 NaFeOa + 4 Na 2 Cr 04 + 2 Na^O 

When the melt is leached with water, the iron is precipitated as ferric hydroxide 
and the chromate dissolves: 

NaFeOa + 2 H 2 O NaOH + Fe(OH )3 

It is well to add a little more peroxide to make sure that the chromium is fully 
oxidized. Then the excess peroxide is decomposed by boiling the alkaline solution, 
the precipitate is dissolved in sulfuric acid, a known volume of standard ferrous 
sulfate is added, and the excess ferrous salt is titrated with dichromate. 

Weigh out 0.3“0.5 g of ore into a 30-35 ml iron crucible and mix with 
about 4 g of sodium peroxide, using a dry stirring-rod. Remove any 
adhering powder from the rod by stirring about 1 g of sodium peroxide 
with it. Cover the mixture in the crucible with this last portion of 
peroxide. Place the lid on the crucible and gradually heat the contents 
to the melting point and maintain the fusion temperature for 5-6 
minutes. Allow the melt to cool, place the crucible in a 300-ml beaker, 
and add 150 ml of cold water, keeping the beaker covered to avoid loss 
by effervescence. 

When the fused mass has disintegrated, remove the crucible and wash 
it thoroughly. Add 0.5 g more of peroxide and gradually heat the 
liquid to boiling- Boil very gently for 15 minutes to make sure that 
all peroxide is decomposed. Allow the solution to cool somewhat, make 
distinctly acid to litmus and add 10 nol of 6iV sulfuric acid in excess. 
Dilute to 200 ml and add, from a clean pipet, which has been rinsed 
three times with a little of the solution, 25 ml of standard (approxi- 
mately 0.1 N) ferrous ammonium sulfate solution. Stir and test a 

* The addition of 3 ml of 0.5 per cent stannous chloride solution will hasten the 
dissolving of the limonite. It is important to avoid an excess of stannous chloride 
which will cause reduction of mercuric chloride to mercury and spoil the analysis. 
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drop of the solution on a white surface with fresh potassium ferri- 
cyanide solution. If no blue color is obtained, add another 25-mI por- 
tion of ferrous salt and continue adding it until an excess is present. 
Then titrate the excess with 0.1. V potassium dichromate solution. 

On the same day that the analysis is made, take 25 ml of the ferrous 
solution, dilute to 300 ml, add 10 ml of 6N sulfuric acid, and titrate 
with potassium dichromate solution. Compute the percentage of 
chromium present as follows: 

Let a — milliliters of Abnormal K2Cr207 required to neutralize one 
pipetful of ferrous solution. 
h = number of pipetfuls of ferrous solution used. 
n = milliliters of K 2 Cr 207 used in the final titration, 
s = weight of sample. 

e - milli-equivalentwt. (0.01734 gCr; 0.02534 gCr.Os; 0.03731 g 
FeCr204). 

(a-6 - n)A" X e X 100 _ ^ 

The analysis can be made with diphenylamine sulfonic acid as indicator. 
In this case it is necessary to add phosphoric acid, and proceed as de- 
scribed on p. 588 after adding enough ferrous salt to give a clear blue 
color to the solution. 

The above-mentioned fusion with sodium peroxide is undoubtedly the most 
satisfactory method that has ever been proposed for the decomposition of refractory 
chromium minerals. The fusion can be made in an iron or nickel crucible; the iron 
one is soon spoiled, and even the nickel one does not last very long if the fusion is 
made over a free flame. A porcelain crucible has been recommended, and this 
has the advantage that then no iron oxide scale is formed which may possibly 
dissolve and react with the chromate. The attack of the nickel crucible can be 
prevented almost entirely by using as flux a mixture of sodium peroxide and sugar 
carbon, surrounding the crucible walls with cold water, and igniting the charge with 
a glowing string. Moreover, when the fusion is made in the following way it dissolves 
very rapidly in water.* 

Muehlberg Method for Fusing Chromite with Sodium Peroxide 

Mix 0.5 g of the ore in a 50-mi nickel crucible with 0.7 g of sugar 
carbon and 15 g of sodium peroxide. Use a dry spatula, hold it in an 
inclined position in the charge and, wdth the other hand, rotate the 
crucible. Care must be taken not to use more carbon or more chromite 
than indicated and to mix the charge well; it is not safe to attempt 
mixing in a mortar, as there is danger of an explosion. Tamp down 

* W- F- Muehlberg, Ind. Eng. Ckem., 17 , 690 (1925). A similar method has been 
used for the determination of sulfur in coal and coke. 
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the charge using the flat, round stopper of a bottle. Place the crucible 
in a shallow pan and support, it in a triangle, or place it in holes in the 
cover of the pan in such a way that the crucible is held firmly in place. 
Cover the crucible and fill the pan with water so that it comes nearly 
but not quite to the top of the crucible. Take off the cover with tongs 
held in the left hand; ignite the charge by touching it with the glowing 
end of a 10-cm-long string held in crucible tongs by the right hand. 
At once replace the cover of the crucible. The ignition should take 
place promptly. Keep the face away from the crucible and do not 
touch it with the fingers while it is hot. It is well to wear glasses, for 
when the charge is wrong the reaction is explosive. 

As soon as the crucible is cool, remove it from the pan and, if the 
melt is not already detached, tap it sharply against a table. Trans- 
fer the melt to a 600-ml beaker. FiU the crucible, which now has very 
httle material adhering to its walls, with water and pour the water into 
the beaker, quickly covering it. When the reaction of dissolving mod- 
erates, wash out the crucible with water and wash down the sides of 
the beaker. Dilute to 300 ml and boil to decompose all excess perox- 
ide. Make the solution distinctly acid with sulfuric acid, and if there 
is any unattacked residue, filter it off, wash well with hot water, ignite, 
and weigh. Deduct this weight from the original weight of sample. 
Continue as described in the preceding directions, adding an excess of 
ferrous salt and titrating the excess with dichromate solution. 

2 , Determination of Manganese in Iron and Steel 

Method of J. Pattinson* 

Principle. — If a solution containing iron, manganese, and calcium salts is treated 
with '' chloride of hme” solution and calcium carbonate, all the iron and manganese 
are precipitated, the latter in the form of its hydrated dioxide. The- entire precipitate 
can be dissolved in an acid ferrous sulfate solution of known strength, and the excess 
of the latter titrated with dichromate solution: 

MnOa + 2 Fe++ + 4 H+ Mn++ + 2 Fe+++ + 2 H 2 O 

1000 ml N KiCnCh = ^ = 27.47 g Mn 

Procedure. — Dissolve 5 g of the iron or steel (or 1 g of ferroman- 
ganese) in hydrochloric acid, oxidize the solution with nitric acid, evapo- 
rate to a small volume, pour into a 100-ml measuring-flask, and dilute 
up to the mark with water. After thoroughly mixing, transfer 20 ml 
of the solution to a large beaker (of about 1-1 capacity) and neutralize 
with pure calcium carbonate. Add the carbonate in small portions 


* /. Chem. Soc., 1879, 365. 
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until the solution finally becomes a dark brown but still remains clear. 
After this add 50 ml of chloride of lime ’’ solution,^ and more calcium 
carbonate with constant stirring until finally" a little of the latter re- 
mains undissolved. To the slimy contents of the beaker, add 700 ml 
of hot water, and, after stirring, allow the insoluble residue to settle. 
If the supernatant liquid is violet, on account of the formation of cal- 
cium permanganate, add 1 or 2 drops of alcohol, boil, and again allow 
the precipitate to settle; in this case the upper liquid should be color- 
less. Decant the clear solution through a funnel containing a hardened 
filter paper and connected with suction. Wash the precipitate 4 times 
by decantation with 300 ml of hot water, then transfer to the filter 
without making any attempt to remove the last portions of the pre- 
cipitate from the sides of the beaker, and wash with the aid of suction 
until the filtrate will no longer turn iodo-starch paper blue. Place the 
precipitate and filter in the original beaker, add 50 mi of a freshly stand- 
ardized ferrous sulfate solution (cf. p. 587), and stir the liquid until the 
precipitate has entirely dissolved, j leaving behind the filter paper and 
sometimes small amounts of undissolved calcium sulfate. Titrate the 
excess of ferrous sulfate with potassium dichromate solution. 

Assume that a grams of steel are dissolved in 100 ml of the solution 
and of this 20 ml were taken for the analysis. Assume that 50 ml of 
ferrous sulfate solution = T milliliters 0.1 xV KoCroOi and 50 ml ferrous 
sulfate + 0.2 a grams substance = t milliliters 0.1 iV K2Cr207. Then 

{T -t)X 1.374 , , , 

= per cent Mn 

C. lODOMETRY 

The fundamental reaction of iodometry is the following: 

2 Na 2 S 203 -{- I 2 = 2 17al -f- Na2S406 
or 2 S2O3 12 2 1 + S4O6 

If to a solution containing a little iodine some starch solution is 
added, and sodium thiosulfate solution is run in from a buret, the blue 
color of the iodo-starch will disappear from the solution as soon as ail the 
iodine has been reduced to iodide in accordance with the above equation. 
This is one of the most sensitive reactions used in analytical chemistry. 
If, therefore, a sodium thiosulfate solution of known strength is at hand, 

* Prepared by shaking 15 g of fresh bleaching powder with 1 1 of water and allowing 
the mixture to stand until the supernatant solution is clear. 

flf the precipitate should not dissolve completely, add a little ISN sulfuric 
acid until the brown color entirely disappears. 
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we have a means of determining not only iodine itself, but all of those 
substances (oxidizing agents) which when treated with potassium iodide 
set free iodine, or evolve clilorine when acted upon by hydrochloric 
acid. Consequently, iodometric processes are not only accurate but 
capable of most general application. 

Under iodometry two kinds of methods are studied: (a) direct methods, in which 
iodine solution is used as the reagent and the end point is the blue color imparted to 
starch as soon as one drop of the reagent in excess has been added; and (6) indirect 
methods, in which an acid solution of some oxidizing agent is treated with an excess 
of potassium iodide, in which case iodine equivalent to the quantity of oxidizer 
present is liberated. In the direct methods, iodine is used as an oxidizing agent; 
in the indirect methods hydriodic acid is used as a reducing agent. Iodometric 
methods have, therefore, been applied to numerous reactions of oxidation and re- 
duction. As a rule, these methods are sensitive and accurate. Direct iodometric 
methods are the oxidation of sulfurous acid to sulfuric acid, of hydrogen sulfide to free 
sulfur, of stannous chloride to stannic chloride, of arsenite to arsenate in a solution 
kept nearly neutral, and of trivalent antimony salt to the quinquevalent condition in 
a neutral solution. Indirect methods in which iodine equivalent to the substance 
analyzed is liberated by adding an excess of potassium iodide to the acid solution are 
illustrated by the determinations of bromine, chlorine, iodate, periodate, hypo- 
bromite, bromate, hypochlorite, chlorite, chlorate, persulfate, permanganate, hy- 
drogen peroxide, nitrite, arsenate in strongly acid solutions, ferricyanide, chromate, 
permanganate, manganese dioxide, lead dioxide, minium or red lead, ferric ions, 
cupric ions, and antimonate ions. 

The potential of the normal iodine /iodide system is —0.535 volt, which shows that 
iodine is a much "weaker oxidizing agent than permanganate, ceric salt, or dichromate. 
Its potential does not depend upon the acidity of the solution, but the normal po- 
tentials of anions such as permanganate, dichromate, arsenate, antimonate, etc., 
do to a marked degree. For example, it is possible to oxidize arsenic quantitatively 
by iodine from the trivalent to the quinquevalent state if the ps is kept between 4 
and 9 but in the presence of considerable hydrochloric acid the reduction from the 
quinquevalent to trivalent state takes place completely upon adding an excess of 
potassium iodide. 

The end point in iodometric processes is usually determined by the blue color 
of starch iodide which is formed when starch is present as soon as a very slight 
excess of iodine is present. In making titrations with iodine, therefore, starch can 
be added at the start and the approach of the end point will be shown by the forma- 
tion of a dark blue color when the drop of iodine touches the solution but the color 
fades as the solution is stirred. At the end point, the color w^iU not fade. In the 
indirect titrations, on the other hand, the starch should not be added until toward 
the end of the titration, when the presence of free iodine is not clearly shown by the 
lack of brown color. 

Instead of starch, many chemists prefer to use carbon tetrachloride. One liter 
of pure water will dissolve only about 0.32 g of pure iodine, but the same quantity of 
CCI4 will dissolve over 30 g of it. Iodine, therefore, is about 100 times as soluble 
in yie CCI4 as it is in water and the CCL solution is very highly colored. When 
CCI4 is added to a water solution it falls to the bottom of the vessel and does not 
dissolve appreciably. If the water contains a little dissolved iodine, then, on shak- 
ing the greater part of .the iodine will dissolve in the CCI4, because of its greater 
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solubility in it, and the color of the few drops of CCI4 will be very much deeper than 
that of the original aqueous solution. Indirect iodometric titrations are, therefore, 
often made in a 250-ml glass-stoppered bottle. Alter adding the excess of potassium 
iodide, a little carbon tetrachloride is added and the titration with sodium thiosulhite 
is begun. At first the presence of iodine in the aqueous solution will be apparent, 
and gentle rotation of the liquid causes sufficient mixing. Toward the end of tlie 
titration, the bottle is stoppered and shaken after each addition of sodium thiosulfate 
and the end point is when the CCL solution becomes colorless. In the distribution 
of a substance between two immiscible solvents, the ratio of the concentrations re- 
mains constant for a given molecular species. Therefore, as soon as some of the 
iodine is reduced in the aqueous layer by means of the thiosulfate, some of the iodine 
will pass from the CCI4 to the water. Shaking the mixture helps to establish the 
equihbrium by breaking up the CCI4 bubble and forcing it through all parts of the 
aqueous solution. 

It was stated above that only about 0.32 g of iodine will dissolve in a liter of water. 
This corresponds to a normal concentration of 0.0025. By adding some potassium 
iodide to the solution, the solubility is increased greatly; thus by adding 65 g of 
HI to a liter of water as much as 35 g of iodine will dissolve, which corresponds to a 
normal concentration of 0.275, and if 100 g of KI are dissolved in 200 ml of water 
153 g of iodine will dissolve. In the solution, the following reaction takes place to a 
considerable extent: 

L + r-^ir 

The reaction constant for this equilibrium has the high value of 770. The vapor 
pressure of the iodine from the aqueous solution is lowered by the formation of the 
tri-iodide anion and yet the solution as a reagent behaves exactly like free iodine. 
To a considerable extent the potassium iodide interferes with the dissolving 'out of 
the iodine by another solvent such as CCI4 but not enough to prevent the determina- 
tion of the end point as indicated above. 

The Starch Solution 

Triturate 0.5 g of soluble starch with a little cold water to a thin paste 
and rinse this into 25 ml of boiling water. Boil until a clear solution 
is obtained, A more stable-indicator solution can be prepared as 
follows: 

Triturate 5 g of the solid into a paste with a little cold water, and 
slowly add to a liter of boiling water. Boil 1 or 2 minutes so that an 
almost clear solution is obtained. Cool by placing the dish in cold 
water, add 10 g of potassium iodide, and after allowing to stand over 
night filter the clear liquid into small 50-ml medicine bottles. Place 
these in a water-bath and fill up to the neck with the starch solution, 
heat 2 hours, and close by means of soft stoppers before removing from 
the hot-water bath. The solution thus sterilized can be kept almost 
indefinitely without the slightest trace of mold formation. Such a 
solution prepared according to the above directions by H. N. Stokes 
remained perfectly clear after standing 18 months and was as sensitive 
then as when first made up. After opening the bottle, mold begins to 
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form ^athin one week, which explains why the solution is poured into 
small bottles; it may then be used before it becomes spoiled. 

Sensitiveness of the lodo-Starch Reaction 

Iodine produces a blue color with starch only when hydriodic acid or a 
soluble iodide is present, and further, the formation of the blue color 
not only depends upon the presence of iodide but is largely influenced by 
the concentration of the iodide solution. With the same amount of 
iodide and different volumes of liquid quite different amounts of iodine 
are necessary to produce the blue color. From this it is evident that in 
any iodometric analysis about the same concentration should be main- 
tained as in the standardization of the solutions used for the analysis. 
When 0.1 N solutions are used, the error produced by not following 
this rule is a small one and for most purposes can be neglected. On the 
other hand, when an analysis is made with 0.01 AT solutions, a large 
error may be introduced and a blank should always be made to deter- 
mine how much iodine solution is required to give an end point. The 
results of a series of experiments show that the amount of iodine solution 
necessary to produce the blue color in the absence of potassium iodide 
is directly proportioned to the dilution. If the solution contains 1 g 
of potassium iodide, a blue color will be produced by the same amount 
of iodine solution as long as not more than 150 ml of solution are pres- 
ent, but with a greater volume than that, more iodine is necessary 
independent of whether the solution contains 1 g or more of potassium 
iodide. 

Preparation of Sodium Thiosulfate Solution 

From the equation on p. 595 it is evident that an equivalent weight 
of iodine, the atomic weight in grams, is equal to 1 mole of Na 2 S 203 . 
Hence, exactly 0.1 mole of crystallized sodium thiosulfate (Na 2 S 203 + 
5 H 2 O) is required to make 1 1 of tenth-normal solution. 

A solution of pure sodium thiosulfate in “ best '' water will keep 
very well but thiosulfate solutions usually deposit sulfur on standing 
and the titer changes until the decomposition brought about by im- 
purities is complete. The principal cause of the decomposition is 
bacterial action. Sterile solutions, free from carbon dioxide, keep in- 
definitely. The presence of about 3.8 g of borax per liter helps to keep 
the solution sterile. 

Prepare the thiosulfate solution by dissolving the required amount of 
the commercial salt in freshly boiled water containing a little borax. 
If convenient, it is well to let the solution stand a week or so before 
determining its exact concentration. 
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The molecular weight of Na 2 S 203 *oH 20 is 248,32. To prepare 
1 1 of 0.1 A" solution 24.83 g of the salt are aecesMry, or, in round 
numbers, 25 g. ^ ‘ 

Standardization of Sodium Thiosulfate Solution 
1. With Copper Wire 

In technical -work it is customary to standardize the thiosulfate solu- 
tion against pure copper. Weigh out 0.2 g of pure Cu into a 200-mi 
Erlenmeyer flask and dissolve in 5 mi of %N HNO3. Dilute mth 25 
ml of water and boil a few minutes to remove oxides of nitrogen. To 
remove the last of the nitrous oxides, add 5 ml of bromine water and 
boil until the excess bromine is expelled. Remove the flask from the 
flame and add strong ammonia -until a slight excess is present. Alter 
boiling off the excess ammonia, add 7 ml of strong acetic acid, which dis- 
solves any copper oxide that has deposited. Cool to room temperature, 
add 3 g of potassium iodide, and titrate the brown solution with sodium 
thiosulfate until nearly colorless, then add starch solution, and complete 
the titration. In making the titration for the first time, one is bothered 
somewhat by the fact that the cuprous iodide is usually colored a little by 
adsorbed iodo-starch and is not a pure white at the end point. If t milli- 
liters of the thiosulfate solution were used in titrating a grams of copper, 

then 1 ml of thiosulfate == j grams Cu and the thiosulfate solution is 

^ normal. The reactions that take place can be expressed 
t X 0.0d357 

as follows: 

3 Cu + 8 H-f- ~h 2 NOs" 3 Cu++ + 4 H2O -f- 2 NO t 
HNO2 + Brs + H2O HNO3 + 2 HBr 

^Cu(NH3)..-h- 

+ -h4HC2H302-^Cu++ + 4 +4C2H3O2" 

2 Cu”^ -+■41'"-^ CU 2 I 2 + I 2 
l2 + 2S203"~->2I- + S406~" 

Although 4 molecules of iodide react with 2 of copper, only 1 molecule 
of iodine is liberated. The equivalent weight of copper, therefore, 
corresponds to the reduction of bivalent copper to univalent copper and 
is the atomic weight of copper, 

2. With Pure Iodine 

Commercial iodine is contaminated with chlorine, bromine, water, 
and sometimes cyanogen; it must be purified. For this purpose grind 
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ting free an equivale 
Place the mixture 

(Fig. 114) * which rests in a muffle. Upon 
the casserole place a flask filled with cold 
water. Have a wire 
of the muffle and a I 
this. 


... zia soon as the evolution of 
violet vapors from the bottom of the 
casserole has practically ceased, the subli- 
mation is complete. Eemove the flame 
and, after allowing to cool, take away the 
flask with the iodine adhering to it. To 
remove the iodine, pass a current of cold 
water through the tube a into’ the flask and out at h. This causes the 
glass to contract somewhat and the whole of the iodine crust can be 
removed by lightly scraping with a clean glass rod. Catch it upon 
a watch glass, break it up into large pieces, and repeat the sublima- 
tion without the addition of potassium iodide at as low a temperature 
as possible; in this way a product free from potassium iodide is 
obtained. Grind the iodine somewhat in an agate mortar and dry in a 
desiccator containing calcium chloride. If dried over sulfuric acid, 
some of the acid is likely to be present in the iodine. Furthermore, the 
cover of the desiccator must not be greased, for grease is attacked by 
iodine vapors, forming hydriodic acid, which might cause contami- 
nation. 

The Weighing Out of the Iodine. — In each of 2 or 3 small weighing- 
tubes with tightly fitting glass stoppers place 2-2.5 g of pure potas- 
sium iodide free from iodate and 0.5 ml of water (not more) ; stopper 
the tubes and weigh accurately. Then open the tubes and add 0.4- 
0.5 g of pure iodine to each. Quickly insert the stopper and again 
weigh; the difference shows the amount of iodine. As the tubes are 
cooled by the dissolving of the iodine, moisture sometimes collects on 
the outside and must be wiped off before weighing. The iodine dis- 
solves almost instantly in the concentrated potassium iodide solution. 
Place one of the tubes in the neck of a 500-ml Erlenmeyer flask which 
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is held in an inclined position and contains 200 ml of water and about 
1 g of potassium iodide. Drop the tube to the bottom of the hask, 
but just as it begins to fall remove the stopper and allow it to follow. 
In this w’ay no iodine is lost, which w^ill be the case if the contents of 
a tube are w’ashed into the water. A solution is thus prepared con- 
taining a knowm amount of iodine. To it add the sodium thiosulfate 
solution to be standardized from a buret until the liquid is pale yellow' 
in color. Then add 2 or 3 ml of starch solution and carefully titrate 
until colorless. From the mean of 2 or 3 determinations, the strength 
of the thiosulfate solution is calculated. 

If the weight of iodine equivalent to 1 mi of sodium thiosulfate solu- 
tion is divided by 0.12693 (the milli-equivalent of iodine) the normality 
of the solution will be obtained. 

3. With Potasmini Permanganate {Volhard) 

On adding potassium permanganate to an acid solution containing 
potassium iodide, the following reaction takes place: 

2 Mn 04 “ + 10 1~ + 16 -> 2 Mn++ + 8 H 2 O + 5 12 

The reaction is quantitative if the correct conditions are maintained. 

Measure out 25-40 ml of standardized tenth-normal permanganate 
solution from a pipet or buret into a 300-ml Erlenmeyer flask containing 
3 g of potassium iodide, 50 ml of water, and 5 ml of concentrated hydro- 
chloric acid. Let stand in the dark for 3 minutes, dilute to 200 ml, and 
titrate slowly with the thiosulfate solution, adding 2 ml of starch indica- 
tor solution toward the last. 

4. With Potassium Dichromate 

The reaction between potassium dichromate and potassium iodide 
can also be used for the standardization of sodium thiosulfate solutions; 
the dichromate is reduced to green chromic salt, setting free an equiva- 
lent weight of iodine provided the solution is 0.2-0.4iV' in acid. 

CrgOy"' + 61" + 14H+-^2Cr+++ + 3l2 + 7H20 

Prepare tenth-normal potassium dichromate solution by dissolving 
4.903 g of the pure, dry salt in water and diluting to 1 1 at 20° in a 
measuring-flask. Mix weU by pouring back and forth from the flask to 
a beaker at least 4 times. Measure out 20-40 ml of the dichromate 
solution, with a pipet or buret, into a 500-ml beaker containing 50 ml 
of water, 10 ml of concentrated hydrochloric acid, and 3 g of potas- 
sium iodide. Allow the reaction to proceed in the dark for 5 minutes, 



602 


VOLUMETEIC ANALYSIS 


then dilute to 400 ml and titrate with tenth-normal thiosulfate solution, 
adding starch toward the last. 

5. With Potassium Biiodate (C. ThanY 

If a solution of potassium biiodate is added to a solution of potassium 
iodide containing hydrochloric acid, the following reaction takes place: 

KIOa-HIOs + 10 KI + 11 HCl = 11 KCl + 6 H^O + 

389.95 1523 

If, therefore, 3.250 g of pure potassium biiodate are contained in 
1 1 of the aqueous solution, 10 ml of such a solution on being treated 
with an excess of potassium iodide and hydrochloric acid will set free 
exactly as much iodine as would be contained in 10 ml of 0.1 iY iodine 
solution. By means of such a solution a known amount of iodine may 
be obtained at any time and in this way the solution of sodium thio- 
sulfate may be standardized. At present it is possible to obtain com- 
merciaUy very pure potassium biiodate, but it is best to prepare a 
solution by weighing out 3.250 g per liter and determine the concentra- 
tion accurately by titrating it against a solution of thiosulfate which 
has been freshly standardized against pure iodine. In this way a solu- 
tion is obtained which can be conveniently used from time to time for 
testing the concentration of the thiosulfate solution. 

Method of Titrating. — Place 1-2 g of pure potassium iodide in a 
beaker, dissolve in as little water as possible, and to this add 5 ml of 
6i\r hydrochloric acid, and then 20-25 ml of the biiodate solution 
(never in the reverse order). Iodine is liberated, immediately and 
quantitatively. Dilute with 200 ml of distilled water, and titrate the 
iodine as under 1. 

Remark. — Instead of a solution of potassium biiodate, solid potassium iodate or 
potassium bromate can be used. One mole of each of these last two salts liberates 
3 moles of L when treated with potassium iodide and dilute acid. 


Preparation of Tenth-normal Iodine Solution 

No advantage is obtained by dissolving the desired quantity of 
sublimed iodine in a definite volume of solution, for the latter cannot 
be kept very long unchanged. It is more practical to prepare the iodine 
solution by placing 20-25 g of pure potassium iodide in a liter bottle 
dissolving it in as little water as possible and then adding about 12.7 
g of commercial iodine, weighed out roughly on a watch glass. Shake 
the contents of the flask untfl. all the iodine is dissolved. When this is 

' Z. anal. Chem., 16, 477 (1877). 
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accomplished, dilute the solution to about 1 1 and standardize according 
to one of the following methods. 

Standardization of Iodine Solution 
1. With Q.IN Sodiicm Thiosulfate Solution 

Take 25 ml of the well-mixed iodine solution in a 250-m! Erlenmeyer 
flask, dilute to 100 ml and introduce 0.1 N Na2S203 solution until nearly 
all the iodine has reacted as shown by the color. Add 2 nil of starch 
paste and titrate slowly until colorless. 

Remark. — To titrate a solution of iodine obtained from a solution of iodide- 
lodate mixture, titrate in the same way but in the presence of 20 millimoles of free 
hydrochloric acid. 


2. With Arseiiious Acid 

If iodine is allowed to act upon a neutral solution of arsenious acid 
the reaction which takes place may be expressed as follows: 

+ I2 + 2 HC03~ = H2ASO4" + 2 r + H2O + 2 CO2 

It is necessary to keep the solution neutral or the opposite reaction will 
take place. 

H2ASO4" + 21 " + 6H+ = As-h-h -f I2 + 4 HoO 

In a neutral solution arsenite can be oxidized quantitatively by means 
of free iodine but in strongly acid solution arsenic acid can be reduced 
quantitatively to the trivalent condition by means of iodide. To 
accomplish a complete oxidation of the arsenic by iodine, it is necessary 
to keep the solution approximately neutral to phenolphthalein. This 
is usually accomplished by providing an excess of sodium bicarbonate, 
by adding normal sodium carbonate to the cold, acid solution, or by 
adding some disodium phosphate. Caustic alkali cannot be used be- 
cause it reacts with iodine to form hypo-iodite and iodide. A little 
neutral sodium carbonate does no harm if added to an acid solution 
because the liberated carbon dioxide neutralizes the hydroxyl ion formed 
by hydrolysis of the carbonate. 

From the a'Bove equation, and the fact that the valence change of 
arsenic is 2, it follows that the equivalent weight of arsenic is one- 
half the atomic weight. Ordinarily, the arsenite solution is prepared 
by weighing out pure AS2O3. As the molecule contains 2 atoms of 
arsenic, it is evident that one-fourth the molecular weight in grams is 
the equivalent weight of AS2O3. 

To prepare 0.1 JV arsenious acid solution, dissolve 4.95 g of the pure 
sublimed oxide and 15 g of sodium carbonate by wanning with 150 
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ml of water. Transfer the solution to a liter measuring-flask, add 25 
ml of normal acid, and dilute at 20° to the mark. 

To prepare pure arsenious oxide from the commercial product, sub- 
lime by heating in a porcelain dish and collect the sublimate on a watch 
glass. If a yellow sublimate of sulfide is noticed, dissolve the sample 
in hot 4iV hydrochloric acid, filter off the undissolved sulfide, and cool 
the filtrate to cause crystals to deposit. Filter, wash with water, and 
then sublime. Dry over calcium chloride in a desiccator. 

Titrate the arsenite against the iodine solution in the usual way. 
Deiss,* however, finds that iodine gradually changes to iodate on stand- 
ing and the iodate does not react with arsenic in the presence of sodium 
bicarbonate. He proceeds as follows: 

Add 25 ml of the iodine solution to 200 ml of water. Add 2 ml of 
6N hydrochloric acid and then 2 g of sodium bicarbonate. As soon 
as it has dissolved titrate with sodium arsenite. 

A solution of sodium arsenite gradually oxidizes on long standing, f 

3. With Anhydrous Sodium Thiosulfate^ 

Anhydrous, sodium thiosulfate may be prepared in a state of sufficient 
purity to permit its use for standardizing iodine solutions. Prepare 
a saturated filtered solution of the commercial salt at 30° to 35° and 
then cool while stirring constantly. Collect the salt that deposits; 
dry over sulfuric acid until it falls to a powder and a little of it in a 
test-tube shows no sign of fusion when heated to 50°. Effect the final 
dehydration by heating at 80° with repeated stirring of the powder. 

Young standardized a solution of iodine by this method and obtained 
the same value as by titrating against a thiosulfate solution which had 
been standardized against pure iodine. 


Analyses by Iodometric Methods 

1. Determination of Free Iodine 

1000 ml of 0.1 N thiosulfate solution = 12.69 g I 

Dissolve the iodine in a solution of potassium iodide and titrate either 
with sodium thiosulfate or with arsenious acid exactly as described 
under the standardization of an iodine solution. 

* Chem, Zig. 38, 413. 
t Ibid., 36, 713 (1912). 

t S. W. Young, J. Am. Chem. Soc., 26, 1028 (1904). 
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2. Determination of Chlorine in Chlorine Water 
1000 ml of 0.1 .V thiosulfate solution = 3.540 g Cl 

Add a measured amount of chlorine water to a solution containing 
an excess of potassium iodide. Hold the point of the pipet just above 
the surface of the iodide solution contained in a glass-stoppered bottle. 
After the chlorine water has been added, stopper the bottle, vigorously 
shake the contents, and titrate the liberated iodine with sodium thio- 
sulfate as above: 

2 KI -h Ch = 2 KGl -h I. 

3. Determination of Bromine in Bromine Water 

1000 ml of 0.1 N thiosulfate solution = 7.992 g Br 

The procedure is the same as under 2: 

2 KI + Bro = 2 KBr + lo 

4. Determination of Hypochlorous Acid in the Presence of Chlorine 

The determination is based upon the following reactions: 

HOCl + 2 KI = KCl + KOH + h 
CI 2 + 2 KI = 2 KCl + I 2 

One mole of hypochlorous acid liberates 1 mole of iodine, but produces 
at the same time 1 mole of potassium hydroxide, while the chlorine 
simply sets free an equivalent amount of iodine. After neutralizing 
the alkali by means of an excess of hydrochloric acid and determining 
the iodine by titration with sodium thiosulfate, the excess of hydro- 
chloric acid is titrated with standard alkali solution. 

Procedure, — Add a measured excess of 0.1 i\r hydrochloric acid to a 
potassium iodide solution, and to this add a known amount of the 
mixture of chlorine and hypochlorous acid. Titrate the iodine set 
free with 0.1 iV thiosulfate solution. Then add methyl orange to the 
colorless solution and titrate the excess of hydrochloric acid with 0.1 .V 
NaOH. The alkali hydroxide produced by the action of the hypo- 
chlorous acid upon the iodide requires half as much 0.1 iV acid for 
neutralization as is required of 0.1 iV Na 2 S 203 solution to react with 
the iodine set free by the action of the hypochlorous acid. 

Example. — If T milliliters of chlorine + hypochlorous acid were taken for 
analysis, t milliliters 0.1 A HCl were added at the start, T milliliters 0.1 iV Na2S203 
used for titrating the iodine, and h milliliters 0.1 iV NaOH for titrating the excess of 
acid, then t — milliliters of 0.1 iV acid were required to neutralize the alkali hy- 
droxide and 2 {t — ti) millili ters of 0.1 iV Na 2 S 203 to react with the iodine formed 
from the hypochlorite. 
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Hence {t - t,) 0.00S247* = g HOCI in V xniUiliters solution 
and 

T -2 {t-u) 0.003546 = grams Cl in V milliliters solution 

5. Determination of Iodine in Soluble Iodides f 

(а) By Decomposition vnth Ferric Salts 

If a solution of a soluble iodide is treated with an excess of ferw 
^omum alum and acidified with sulfuric acid, the ferric snlt u 
be reduced to ferrous salt with separation of iodine: ^ 

Fe2(S04)3 + 2 HI = H2SO4 + 2 FeS04 + I2 

is heated to boiling, the iodine escapes 
with the steam and can be collected in a solution of 
potassium iodide and then titrated with sodium thio 
sulfate or arsenious acid. This method is suited for 
separatmg iodine from bromine, for bromides do not 
reduce ferric salts. The bromide wfil be found in the 
residue obtained after the distillation, and is best de 
termined gravimetrically. is Dest de- 

(б) By Decomposition with Nitrous Add {Fresenius) 
2HI + 2HN02=2H20+2N0+l2 

tydrobromic acids are not attacked by ni- 

Ilf trT'^T' ^ apparatus shown in Fig 

of th!ril r? uT * 

anirl ^ shghtly acid with dilute sulfuric 

bff bbTlfi^ f ^ car- 

thflt^rf^'^^ tetrachloride or chloroform), so 

that It does not quite reach to the stopcock, near the 
bottom of the tube. Then introduced, or 2 the 
mos , rops of “ mtrose,”.J stopper the tube, shake 


Fig. 115. 


t Se cafe of\Ll?e MiSsdre 1 

is to be determined volumetrifaUv ’ ThiTf*^ removed if the iodine 

Mensel (Z. ami. Chem., 12 137) i/m ' T ,^“®“P“®bed by the method of 
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vigorously, and then allow the carbon bisulfide to settle once more. 
The small amount which at first adheres to the glass sides can be made 
to fall to the bottom by revohdng and inclining the tube. On the upper 
surface of the liquid there will still remain a few tiny drops of carbon 
bisulfide. To obtain these, mcisten a filter with water and place the 
funnel under the glass stopcock, remove the stopper from the tube, and 
allow the aqueous solution to run through the filter; the carbon bisulfide 
will remain behind on the paper. Shake the carbon bisulfide remaining 
in the tube 3 times with successive portions of distilled water, and each 
time allow the water to run off through the same filter. Then place 
the funnel at the top of the tube, puncture the filter with a pointed glass 
rod, and wash the carbon bisulfide into the tube by means of about 0.5 
ml of water. After this add 1 or 2 drops of sodium bicarbonate solution 
and thoroughly shake with the carbon bisulfide, then add standard 
sodium thiosulfate solution until the reddish violet carbon bisulfide 
solution becomes colorless. 

The value of the sodium thiosulfate solution is not determined as 
ordinarily, but by means of a potassium iodide solution treated as 
above described. 

Remark. — This method is useful for determining small amounts of iodide in the 
presence of relatively large amounts of chloride and bromide, as in the Analysis of 
mineral waters. For the standardization of the sodium thiosulfate solution, as 
nearly as possible the same amount of potassium iodide should be used as is present 
in the unknown solution; this is determined by the color of the carbon bisulfide. 
Pure potassium iodide must be used for this purpose, and its purity tested by means 
of a gra\dmetric determination of the iodine present in the salt after it has been dried 
at 170°-180°. 

The reason the sodium thiosulfate solution must be standardized in this way is 
as follows: 

When an aqueous solution containing iodine is shaken with carbon bisulfide, not 
all of the iodine but the greater part of it will pass into the solvent. The error is 
compensated, however, by standardizing the solution in the same way. 

If the solution of a substance is shaken with another solvent in which the former 
does not mix, the original amount of the substance divides itself between the two 
solvents, and in fact the concentration of one solution (amount of the dissolved 
substance present per milliliter) always bears a constant relation to that of the 
other. 

Thus if xq grams of iodine are dissolved in V milliiiters of water, and the solution 
is shaken with Vi milliliters of carbon bisulfide, then Xi grams of iodine will remain 
in the aqueous solution and xq — Xi grams, will pass into the carbon bisulfide. 

The amount Xi is found by the following equation: 

0L and are the concentrations in each of the solutions, and k is the distribution 
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coefficient, which is ^ for iodine.* If the aqueous solution is now shaken with the 
same amount of fresh carbon bisulfide, then 2 ^ grams, of iodine will remain in the 
water and - la will be extracted by the carbon bisulfide. In this case, however, 

( kV Y 

grams iodine 

so that after shaking n times with^ fresh portions of earbon bisulfide, the amount 
of iodine remaining in the water would be: 

( kV 

VTTTx) gfams iodine 

Assuming that in the analysis 0.005 g of iodine was dissolved in 10 ml of water 
and that this solution was shaken once with 1 ml of carbon bisulfide, then according 
to equation (1) 

A;X10 , 

xi = 0.005 = 0.005 • i = 0.0001 g iodine 

^ ■^400 

would remain dissolved in the water, or an amount that can be neglected. The 
distribution coefficient, as used above, holds when the same molecular species is 
present in each solvent. When potassium iodide is added to the aqueous solution, 
Kla is formed and it is much harder to dissolve out the iodine. As some potassium 
iodide is present, the above calculation is inexact. 

If, after shaking with carbon bisulfide, the aqueous solution still appears yellow, 
it must be treated a second, and perhaps a third, time with fresh amounts of carbon 
bisulfide. 

6. DetemuEation of Bromine in Soluble Bromides (Bunsen) 

If chlorine water is added to a colorless bromide solution in a por- 
celain dish, the solution becomes yellow: 

2KBr + Cl 2 = 2KCl + Br 2 

If it is heated to boiling, the bromine is expelled and the solution 
becomes colorless again. The addition of the chlorine water is con- 
tinued until finally no yellow coloration is produced. 

Preparation and Standardization of the Chlorine Water 

Dilute 100 ml of a saturated chlorine water to 500 ml and titrate 
against a weighed amount of pure potassium bromide which has been 
dried at 170°, taking about the same amount of bromide for the stand- 
ardization as is supposed to be present in the solution to be analyzed. 
During the titration, wrap the buret containing the chlorine water in 
black paper to protect its contents from the light, and hold the tip of 
the buret just above the surface of the hot bromide solution, so that as 
little chlorine as possible is lost by evaporation. 

* Berthelot and Jungfleisch, Compt. rend.^ 69, 338. 
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7. Determination of Iodine and Bromine in Mineral Waters 

According to the amount of halogen present, take 5-60 1 of water for the analrsls. 

The amount of bromide and iodide present is usually small compared with the 
chloride, so that the residue obtained by the evaporation of a large amount of water 
cannot be used directly for the analysis, but by partial crystallization a mother- 
liquor rich in bromide and iodide must first be obtained. 

Procedure, — Pour the water into a large evaporating-dish, a liter 
at a time, and if not already alkaline,* add enough pure sodium car- 
bonate solution to make it distinctly so, and evaporate to about one- 
fourth of its original volume. This causes the separation of some cal- 
cium and magnesium carbonates, as well as hydroxides of iron and man- 
ganese, but all the halogen salts remain in solution. Filter off the 
residue and thoroughly wash with water. Concentrate the filtrate 
further until salts begin to crystallize out, and pour the hot solution 
into 3 times its volume of absolute alcohol; this causes the greater part 
of the sodium chloride and other undesired salts to precipitate. After 
standing 12 hours, filter the alcoholic liquid and wash the residue 5 
or 6 times with 95 per cent alcohol. 

To the alcoholic solution, which contains all the iodine and bromine 
with considerable chlorine in the form of the alkali salts, add 5 drops 
of concentrated potassium hydroxide solution and distil off most of the 
alcohol, while passing a current of air through the solution by means of 
a capillary tube reaching to the bottom of the liquid in the distilling- 
fiask. 

Evaporate the residue from the distillation until salts again begin 
to crystallize out and repeat the precipitation with alcohol. Again 
distil off the alcohol, but this time with the addition of only 1 or 2 drops 
of potassium hydroxide solution. According to the amount of salts 
present in solution repeat this operation 3-6 times. Place the final 
filtrate, after the alcohol has been distilled off, in a platinum dish, 
evaporate to dryness, cover the dish with a watch glass, and gently 
ignite the residue to destroy organic matter. Dissolve the residue 
from the ignition in a little water, filter off the carbonaceous material, f 
make the solution slightly acid with dilute sulfuric acid, titrate the 
iodine liberated by the addition of 1 or 2 drops of “ nitrose/’ and with 
sodium thiosulfate, after shaking with chloroform, as described on p. 
606. t Determine bromine in the aqueous solution obtained after the 

* The solution is alkaline if after the addition of phenolphthalein the solution 
turns red on boiling. 

t If the filtrate is not completely colorless, evaporate and again ignite. 

t Lecco determines the iodine colorimetrically (Z. anal. Chem., 35, 318). 
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extraction of the iodine with chloroform. Make the acid solution 
alkaline by the addition of sodium carbonate solution, add 2 drops of 
a saturated sugar solution, and evaporate the solution to dryness in a 
platinum dish. With a w^atch glass upon the dish, gently ignite the 
residue to destroy the sugar and the excess of nitrite.* After this has 
been accomplished dissolve the residue in water, filter, make slightly 
acid with sulfuric acid, and titrate the bromide with chlorine water as 
described on p. 608. 

Remark — If sufficient mineral water is available it is better to divide the mother- 
liquor containing the bromide and iodide into two portions; in one portion deter- 
mine the iodine as above, and in the other determine bromine and iodine by titration 
with chlorine water, f 


8. Analysis of Peroxides (Bunsen) 

All peroxides of the heavy metals which evolve chlorine on treatment with hydro- 
chloric acid can be determined with great accuracy by conducting the chlorine 
into potassium iodide solution and titrating the liberated iodine with sodium thio- 
sulfate or arsenious acid solution. It is only necessary to make sure that the chlorine 
is allowed to act upon the potassium iodide without loss. For all such determina- 
tions, Bunsen employed the apparatus shown in Fig. 116. The small decomposition 
flask of about 40-ml capacity has a ground-glass connection with the delivery tubej 
and is held firmly in place by means of rubber rings, as at a. The lower end of the 
bent delivery tube is drawn out into a not-too-small capillary. 




Procedure, — Place the finely powdered substance in the small glass- 
stoppered weighing-tube (Fig. 116 R), which has a small piece of glass 


* The addition of the sugar causes the nitrite to be destroyed at a lower tem- 
perature than would otherwise be the case, and the danger of losing bromine by 
volatilization is avoided. 

t As the chlorine water was standardized against bromide, an amount of the 
latter equivalent to the iodine present should be deducted from the amount repre- 
sented by the chlorine water used; the difference shows the bromine present. 

t Instead of the ground-glass connection, Bunsen used a tube of the same size as 
the neck of the flask and connected them with rubber tubing, the two glass tubes 
being against one another. 
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fused on the end, and weigh. Take hold of the tube by the glass at the 
bottom,* introduce it into the neck of an absolutely dry decomposition 
flask, and allow the required amount of the substance to fall into it by 
carefully revolving the weighing-tube. Again weigh the tube, to de- 
termine the amount of substance taken. Add hydrochloric acid (its 
concentration depends upon the nature of the substance), at once 
connect the delivery tubing with the flask, and introduce it into the 
retort containing potassium iodide solution. By means of a tiny flame, 
heat the contents of the flask to boiling and distil half to two-thirds of 
the liquid over into the retort. To prevent the iodide solution from 
sucking back into the flask, take out the delivery tube from the retort 
before removing the flame, and wash the contents of the tube into the 
retort. 

Pour the potassium iodide solution into a large beaker, rinse out the 
retort several times with a little water, and then with potassium iodide 
solution to remove any iodine which may remain adhering to the glass. 
Titrate with 0.1 iV sodium thiosulfate solution using starch as indicator. 
In this way pyrolusite, chromates, lead peroxide, minium, ceric oxide, 
selenic, telluric, and molybdic acids may be analyzed. 

(a) Determination of Manganese Dioxide in Pyrolusite 

1000 ml of 0.1 A Na 2 S 203 solution '20^ ” -1.347 g Mn02 

Weigh out about 0.2 g of the substance which has been dried at 120"^. 
To this add 25 ml of 4 iV hydrochloric acid and carry out the analysis 
as described above. 

MnOa + 4 HCl - 2 H2O + MnCh + Ch 
CI2 + 2KI = 2KCI + I2 

If t milliliters of 0.1 W Na2S203 were used in titrating a grams of MnOo, 
then 

0.4347 t ^ lifT r\ 

= per cent MnOo 

a 

The determination of chromates, lead peroxide, and selenic acid is 
carried out in the same way, except that 12 iV hydrochloric acid is 
used for the decomposition. 

Instead of the apparatus shown on p. 610, Ruppf uses a SO-ml distllling-flask 
for the decomposition and 750-ml bottle as receiver; the bottle contains 250 ml of 

* By holding the tube in this way, deviations of weight, due to unequal warming, 
are avoided. 

t Chem.-Ztg,, 62 , 429 (1928). 



612 


VOLUMETRIC ANALYSIS 


1 per ceift potassium iodide solution. The arm of the distilling-flask is fused to 
18-20 cm of tubing with about 3-mm inside diameter, and this long arm is bent 
downward so that the interior angle is about 135° and the tube will easily reach the 
bottom of the receiving bottle. The long arm is inserted in one hole of a twice-bored 
rubber stopper that fits the receiver. The other hole of the stopper is fitted with 
a tube containing glass beads and some glass wool. The top of the distilling-flask 
carries a stopper enclosing a tube 'which reaches to the bottom of the flask with a 
1-mm opening at the bottom. The top of this tube is closed with a pincheock on 
rubber tubing, 0.2 g of the p 3 rrolusite is introduced into the distilling-flask, taking 
care not to get any powder on the sides. Twenty-five milliliters of strong hydro- 
chloric acid are introduced and the stopper inserted quickly. The acid is heated 
with a small flame, protected from drafts, until the volume is reduced one-half. 
Then the pincheock is opened to prevent the liquid sucking back, the flame is re- 
moved, and the contents of the receiver are titrated with thiosulfate. It is well to 
put a few crystals of potassium iodide on top of the glass wool in the drjdng-tube. 
Then, if this is moistened, it will show if any iodine is lost by volatilization. 

(h) Determination of Telluric Acid 

If the telluric acid is present as the hydrous acid (H 2 Te 04 + 2 H 2 O) 
or as tellurate, the analysis is performed in the same way as with selenic 
and chromic acids. If, however, the tellurium is present as the an- 
hydrous acid or as the anhydride, the method must be modified, for 
these substances are scarcely attacked by concentrated hydrochloric 
acid. They are placed in the decomposition flask and dissolved in a 
little concentrated potassium hydroxide;* to the tellurate solution thus 
obtained the concentrated hydrochloric acid is added, and the reduction 
then is accomplished without difficulty: 

K2Te04 + 4 HCl - 2 KCl + H2Te03 + H 2 O + CI 2 

According to this equation, 1 1 of 0.1 iV” Na 2 S 203 = 6.375 g Te = 
7.975 g TeOa. 


(c) Determination of Ceric Oxide 

1000 ml of 0.1 N iodine solution == ~ 17.21 g Ce02 

Ceric oxide when mixed with considerable lanthanum and didymium 
oxides is reduced by distillation with concentrated hydrochloric acid: 
2 Ce02 + 8 HCl == 4 H 2 O + 2 CeCU + CI 2 . 

If, however, the mixture contains but little of the two last substances, 
or if it is pure ceric oxide, the heating with concentrated hydrochloric 
acid is of no avail; the ceric oxide will not dissolve. 

In the presence of hydriodic acid, however, the reduction takes 
place readily, so that it is only necessary to add 2 g of potassium iodide 


' The solution could not be effected by using sodium hydroxide- 
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to a weighed amount of the substance (0.67-0.68 g) in the decomposition 
flask, and then, after the addition of hydrochloric acid, \ioIet vapors 
of iodine can be distilled from the solution: 

2 Ce02 + 2 KI + 8 HCl = 2 KCH- 2 CeCh + 4 HsO + lo 

Often so much iodine will be given off that the solid is likely to stop 
up the tube and the flask may explode. To prevent this, do not draw 
out the end of the delivery tube into a capillary, but at the bottom 
leave an opening of about 4 mm in diameter. During the operation, the 
flame must be protected from air-currents, for otherwise there is danger 
of liquid sucking back from the retort. 

(d) Determination of Vanadic Acid* 

1000 ml of 0.1 JV iodine solution = — ' = 9.096 g V.Os 

By boiling vanadic acid, or one of its salts, with concentrated hydro- 
chloric acid, the vanadium is reduced with evolution of chlorine. Un- 
fortunately, this reaction cannot be used for the determination of 
vanadic acid, for the amount of chlorine evolved depends upon the 
concentration of the vanadium solution; the vanadium is not reduced 
to a definite oxide. On the other hand, by means of hydrohmnic 
acid,t vanadic acid is reduced to a blue vanadyl salt: 

2 H 3 VO 4 + 2 HBr + 4 HCl = V 2 O 2 CI 4 + 6 H 2 O + Brs 

If the free bromine is absorbed in potassium iodide, and the liberated 
iodine titrated with sodium thiosulfate, a sharp determination of the 
vanadium will be obtained. To carry out this analysis, place 0.3~0.5 g 
of the vanadate, together with 1.5-2 g of potassium bromide, in the 
decomposition flask of the Bunsen apparatus (Fig. 116, p. 610), add 
30 ml of concentrated hydrochloric- acid, and distil as before. The 
decomposition is always complete when the liquid in the flask is a pure 
blue. 

If hydriodic acid is used instead of hydrobromic acid, the vanadic 
acid is reduced still further, almost to VCls-t In fact, a complete 
reduction can be accomplished if potassium iodide, concentrated hydro- 
chloric acid, and 1 or 2 ml of sirupy phosphoric acid are added and the 
liquid distilled until no more vapors of iodine are evolved. According 
to Steffan, this wOl always be the case when the liquid is reduced to 
one-third of its original volume. 

* Friedheim and Euler, Ber., 28 , 2067 (1895), and 29 , 2981 (1896). 

t Holverscheidt, Dissertation, Berlin, 1890. 

J Friedheim and Euler, Ber., 28 , 2067 (1895). 
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(e) Determination of Molybdic Acid 

1000 ml of 0.1 N NajS-Os = = 14.4 g MoOs 

The determination depends upon the fact that molybdic acid is 
reduced to the quinquevalent state by means of hydriodic acid with 
liberation of iodine: 

2 MoOs + 2 HI + 10 HCl = 2 Mods + 6 H 2 O + I 2 

Remark. — This method finds no practical application on account of the fact 
that it is difficult to obtain a quantitative reduction in accordance with the above 
equation. Gooch and Fairbanks* found that if a solution containing molybdic 
acid is distilled in the Bunsen apparatus with potassium iodide and hydrochloric 
acid until iodine vapors are no longer visible and the solution is a light green, too 
little iodine is obtained. On the other hand, they found that, if the distillation is 
continued still further, the reduction goes on and more iodine is obtained than 
corresponds to the above equation. Steffan,t v/ho tested the method in the author's 
laboratory, obtained results agreeing with those published by Gooch and Fairbanks. 
By means of hydrohromic acid, molybdic acid is not reduced. 

(/) Determination of Vanadic and Molybdic Acids in the 
Presence of One Another 

According to Steffan, these two acids may be determined very ac- 
curately when present together. The vanadic acid is determined, 
according to Holverscheidt, by distillation with potassium bromide 
and concentrated hydrochloric acid, absorption of the bromine in potas- 
sium iodide solution, and titration of the liberated iodine (cf. p. 613). 
The contents of the distillation flask, in which the vanadium is present 
as vanadyl salt and the molybdenum as molybdic acid, are treated with 
hydrogen sulfide in a pressure flask, and the precipitated molybdenum 
sulfide is filtered through a Gooch crucible, and weighed as M 0 O 3 , 
as described on p. 274. The results obtained by this method are per- 
fectly satisfactory. 

As molybdic acid is unattacked by hydrohromic acid, but is reduced 
to the quinquevalent state with separation of iodine by means of hy- 
driodic acid, Friedheim and Euler proposed to carry out the analysis ’ 
by first reducing the vanadium to vanadyl salt by treatment with potas- 
sium bromide and hydrochloric acid and determining the liberated bro- 
mine iodometrically. Then it was attempted to reduce the vanadium 
to VCI3 and the molybdenum to M0CI5 by adding KI, HCl, and H3PO4 
and distilling until no more iodine is given off and the solution is a light 
green. 

* anorg. Chem., 13, 101 (1897), and 14, 317. 

f Stefian, Inaug. Dissertation^ Zurich, 1902. 
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The error in the method lies in the fact that the vanadic acid is 
reduced completely to V2O3 only when the solution is distilled to one- 
third of its original volume and the molybdenum is then reduced further 
than corresponds to the formation of M0CI5. 


9. Analysis of Chlorates 
1 1 of 0.1 N Na.&Oi = 2.043 g KCIO, 

This is carried out the same way as the analysis of pyrolusite (cf. 
p. 611) : KClOs + 6 HCl = KCl + 3 H^O + 3 Ch. 

Many oxidizing agents can be determined iodometrically without 
previous distillation with hydrochloric acid. 

For other methods of analyzing chlorates iodometrically, consult 
H. Dietz, Chem.-Ztg., 1901, 727, and Luther and Rutter, Z. anal. Chem., 
46, 521 (1907). 


10. Determination of Hypochlorous Acid 

This determination is used in the analysis of chloride of lime. 

Procedure. — Into a tared weighing-tube introduce about 5 g of 
“ chloride of lime,” and weigh the stoppered tube. Wash into a por- 
celain dish, rub to a paste with a pestle, and transfer without loss to a 
500-ml measuring-flask. Dilute to the mark with water, and shake 
well. Of this turbid solution, pipet off 20 ml into 10 ml of 10 per cent 
potassium iodide solution, make acid with hydrochloric acid, titrate 
the liberated iodine with 0.1 iV Na^SsOs. Express the result in per- 
centage of available chlorine. 

Remark. — the “chloride of lime” contained calcium chlorate it will be par- 
tially reduced by hydrochloric acid and potassium iodide with liberation of iodine, 
and consequently the results obtained for hypochlorite chlorine (bleaching chlorine) 
will be too high. In this case the hypochlorite is best determined by a chlonmetno 
process with arsenious acid (see p. 649). 


11. The Analysis of lodates 

1 1 of 0.1 N Nas&O, = = 2.932 g HlOa 

Allow the solution of the iodate to run into an acid solution containing 
an excess of potassium iodide. Iodine is set free according to the 
equation: KIOs + 5 KI -f 6 HCl = 6 KCl + 3 H2O -1- 3 L. Titrate 
the iodine with thiosulfate solution as described on p. 601. 
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12. The Analysis of Periodates 

TTTO 

1 1 of 0.1 N NaoSoOa = ^ - 2.399 g HIO 4 

The analysis of periodates is carried out exactly as with iodates; 
the reaction that takes place is 

KIO4 + 7KI + 8HCI = 8KCi + 4 H 20 + 4l2 

13. Analysis of a Mixture of lodate and Periodate* 

If a neutral or slightly alkaline solution of an alkali periodate is 
treated with a solution of potassium iodide, the following reaction takes 
place; 

KIO4 + 2 KI + H2O = 2 KOH + KIO3 + I2 

The liberated iodine is titrated with tenth-normal arsenious acid 
(not with sodium thiosulfate); in a neutral solution the iodate does 
not react with potassium iodide. For the analysis of a mixture of 
iodate and periodate, the following procedure is used: 

In one sample determine the iodate + periodate by adding the 
solution of the substance to an acid solution containing an excess of 
potassium iodide and titrate the liberated iodine with sodium thiosul- 
fate solution. 

Dissolve a second sample in water, add a drop of phenolphthalein 
indicator, and make the solution alkaline enough to give the pink color 
with phenolphthalein, adding alkah if the solution is acid and hydro- 
chloric acid if the solution is strongly alkaline. To the barely alkaline 
solution, add 10 ml of a cold, saturated solution of sodium bicarbonate 
and then an excess of potassium iodide; titrate the liberated iodine 
at once with 0.1 iV arsenious acid.f 

Example. — In a mixture of KIO 3 and KIO 4 weighing a grams, the iodine liberated 
on treatment with an acid solution of KI reacts with T milliliters of 0.1 N Na 2 S 203 and 
the same weight of sample liberates in alkaline solution only enough iodine to react 
with t milliliters of 0. 1 N AS 2 O 3 solution. By comparing the equations given under 12 
and 13, it is evident that the periodate alone would react with 4 t milliliters of 0.1 A 
Na 2 S 203 in acid solution. The amount of KIO 4 and KIO 3 present will be 

t X 0.01150 g = — per cent KIO 4 
{T -it) X 0.003567 g = ~ ^ per cent KIO, 

* E. Muller and 0. Friedberger, Ber., 1902, 2655. 

t The iodine cannot be titrated in the alkaline solution with sodium thiosuKate, 
and the iodine in the acid solution cannot be titrated with the arsenious acid. 
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14. Analysis of Iodides 

Method of H. Dietz and B. M. Margosches* * * § 

1 1 of 0.1 N laOa = y = 10.5S g iodine 

Treat the solution of the iodide with an excess of 0.1 A" potassium 
iodate solution, make acid with sulfuric acid, add a piece of calcite 
as suggested by Prince, f and boil until all the iodine is expelled. Allow 
the solution to cool, then add an excess of potassium iodide, and titrate 
the iodine now liberated, which corresponds to the excess of potassium 
iodate used, with 0.1 A' NaAOs solution. 

From the equation 

KIO3 + 5 KI + 6 HCl - 6 KCl + 3 H.O + 3 lo 

it is evident that five-sixths of the iodine liberated comes from the iodide. 
If, therefore, T milliliters of 0.1 A" KIO3 solution were added and t milli- 
liters of 0.1 A Na2S20 were used for titrating the excess of KIO3, then 
there is present 

(T — t) X 0.01058 g iodine as iodide 
15. Determination of Copper with Potassium Iodate| 

Potassium iodate in dilute hydrochloric acid solution is reduced by potassium 
iodide to free iodine: 

KIO3 + 5 la + 6 HCl = 6 KCl + 3 b + 3 H,0 

but if the solution is strongly acid with hydrochloric acid and an excess of the iodate 
is added, the iodine is oxidized to ICl: 

2 I2 + KIO3 + 6 HCl = KCl 4- 5 ICl + 3 H2O 
and in this case the whole reaction may be expressed by the equation: 

KIO3 + 2 KI + 6 HCl = 3 KCl + 3 ICI F 3 H.O 

The ICl is not very stable, and is at once reduced to free iodine in the presence of 
any oxidizable substance, 

L. W. Andrew§ has shown that quite a number of reducing substances, such as 
free iodine, iodides, arsenites, and antimonites, can be titrated with potassium iodate 
very exactly, by taking advantage of the fact that when the reducing agent is pres- 
ent in excess, free iodine is formed which is oxidized quantitatively by more iodate, 
provided the proper amount of hydrochloric acid is present. Copper solutions are 
precipitated quantitatively by potassium thiocyanate and suMurous acid as cuprous 
thiocyanate, CuSCN, and Parril has estimated copper quantitatively by titrating 

* Chem.-Ztg.^ 1904, II, 1191. 

f Inaug. Dissert, Zurich, 1910. 

f Jamieson, Levy, and Wells, J . Am. CJiGtn. Soc., 30, 760 (1908). 

§ lUd., 25, 756 (1903), 

II lUd,, 22, 685 (1900). 
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this precipitate with permanganate. The oxidation is simpler and more accurate, 
however, w’hen the titration is effected by potassium iodate or biiodate. The re^ 
action goes through the stage in which iodine is set free, but the iodine is oxidized 
completely to iodine chloride upon the addition of more iodate: 

{a) 10 CuSCN -f 14 KIO3 + 14 HCl = 10 CUSO 4 + 7 12 + 10 HCN + 14 KCl -f 
2HoO 

(6) 2 12 -f KIOs + 6 HCl = KCl +• 5 ICl + 3 H 2 O 
and the whole reaction is 

(c) 4 CuSCN -f 7 KIO3 -I- 14 HCl = 4 CUSO 4 + 7 ICl + 4 HCN + 7 KCl + 5 KO 

The potassium iodate solution is very stable and can be preserved for years if 
protected from evaporation. The standard solution used can be prepared by weigh- 
ing out a known amount of the pure salt and dissolving to a definite volume, or the 
solution can be standardized against pure copper, carrying out the process as in 
an analysis. A convenient concentration is | mole KIO3 per liter. 

Procedure. — To 0.5 g of the ore in a 200-ml flask, add 6-10 ml of 
strong nitric acid, and boil gently, best over a free flame, keeping the 
flask in constant motion and inclined at an angle of about 45°, until the 
larger part of the acid has been removed. If this does not completely 
decompose the ore, add 5 mi of strong hydrochloric acid and continue 
the boiling until the volume of liquid is about 2 ml. Now add gradually 
and carefully, best after cooling somewhat, 12 ml of 18 N sulfuric acid 
and continue the boiling until sulfuric acid fumes are evolved copiously. 
Allow to cool, add 25 ml of cold water, heat to boiling, and keep hot 
until the soluble sulfates have dissolved. Filter into a beaker, and 
wash the flask and filter thoroughly with cold water.* Nearly neu- 
tralize the filtrate with ammonia and add 10-15 ml of strong sulfur 
dioxide water. Heat just to boiling and add 5-10 ml of a 10 per cent 
solution of ammonium thiocyanate, according to the amount of copper 
present. Stir thoroughly, allow the precipitate to settle for 5 or 10 
minutes, filter on paper, and wash with hot water until the excess am- 
monium thiocyanate is removed completely. 

Place the filter with its contents in a glass-stoppered bottle of about 
250-ml capacity, and by means of a piece of moist filter paper transfer 
into the bottle any precipitate adhering to the stirring-rod and beaker. 
Add to the bottle about 5 ml of chloroform, 20 ml of water, and 30 ml 
of concentrated hydrochloric acid (the two last liquids may be mixed 
previously). Now run in standard potassium iodate solution, inserting 
the stopper and shaking vigorously between additions. A violet color 
appears in the chloroform, at first increasing and then diminishing, until 
it disappears with great sharpness. The rapidity with which the iodate 

* With substances containing appreciable amounts of silver a few drops of hydro- 
chloric acid should be added before making this filtration, but not enough to dissolve 
any considerable amounts of the lead sulfate or antimonic oxide that may be present. 
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solution may be added can be judged from the color changes of the 
cliloroform. 

To make another titration it is not necessary to wash the bottle or 
throw away the chloroform. Pour off two-thirds or three-fourths of the 
liquid in order to remove most of the pulped paper, too much of which 
interferes with the settling of the chloroform globules after agitation, 
add enough properly diluted acid to make about 50 ml, and proceed as 
before. In this case, tvhere iodine monochloride is present at the out- 
set, the chloroform becomes strongly colored with iodine as soon as the 
cuprous thiocyanate is added, but this makes no difference in the results 
of the titration. 


16. lodometric Analysis of Chromite 


Principle. — The chromium of chromite, FeCr204, is oxidized to Na2Cr04 by 
fusion with sodium peroxide. The melt is leached with water, and the insoluble 
residue is dissolved in hydrochloric acid, added in slight excess. Ammonium Suoride 
is then'added to convert Fe'^'^ into FeFe ; the former ions are reduced by hy- 
driodic acid but the latter are unaffected. Then to the acid solution an excess of 
potassium iodide is added and the liberated iodine is titrated with sodium thiosulfate 
solution using starch as indicator. 


2 FeCr204 + 7 NasOa ^ 2 NaFeO. + 4 Na2Cr04 -f 2 Na20 (fusion) 
NaFeOs + 2 HoO Na+ + Fe(OH)3 + OH“ 

2 NasOs + 2 HoO 4 Na+ -h 4 OH" -h 0. 

2Cr04"“ + 2H+->Cr207- + : 


j. (water added) 


Pg+++ 0 F FeFe (fluoride added) 

CroOr"" + 6 r + 14 H+ 2 Cr+++ +■ 3 h + 7 H.O (iodide added) 

I2 -b 2 S2O3 2 1" + S4O6 (titration) 

From these equations, it is evident that the milli-equivalent weight of chromium 
is the atomic weight di\dded by 3000 as in the analysis with potassium dichromate 
(p. 593). 

For the fusion, an iron crucible of about 25-ml capacity is commonl}^ used. A nickel 
crucible is attacked less by the peroxide fusion and the presence of nickel has been 
found advantageous for the decomposition of the excess peroxide, but it is usually 
necessary to filter the solution after making it acid when a nickel crucible is used 
and it costs considerably more than an iron one. A porcelain crucible has also been 
recommended, but this again is more expensive than the iron. The fusion can also 
be carried out in a test-tube. 

Procedure. — Weigh out 0.3-0,4 g of chromite and fuse with sodium 
peroxide exactly as described on p. 592. Continue as directed there 
down to the point where the solution is made acid. Then, instead of 
using sulfuric acid, add hydrochloric acid until aU the hydrated ferric 
oxide has dissolved. Use 1 ml of concentrated hydrochloric acid in 
excess for each 100 ml of solution. Add 2 g of ammonium fluoride, 
more if necessary, until a small drop of the solution will give no test for 
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Fe+++ witL potassium ferrocyanide solution on the spot plate. Add 
3 g of potassium iodide, wait 3 minutes, and then titrate with sodium 
thiosulfate solution. Add starch solution toward the last. 

17. Analysis of Soluble Chromates 

A concentrated, acid solution of potassium iodide is treated with a 
weighed amount of the chromate, diluted with water, and the liberated 
iodine titrated. (Cf. standardization of sodium thiosulfate against 
potassium dichromate, p. 601.) 

18. Determination of Lead Peroxide 

Method of Diehl, modified by Topf* 

The analysis depends upon the fact that lead peroxide is reduced by means of 
potassium iodide in acetic acid solution when considerable alkali acetate is present: 

Pb02 + 4 HI = PbU -I- 2 H 2 O + I 2 

After diluting with water the iodine is titrated with 0.1 A Na2S20s solution. 

Procedure. — Dissolve about 0.5 g of the substance with 1.2 g of 
potassium iodide and 10 g of sodium acetate in 5 ml of 5 per cent acetic 
acid. Dilute the solution with water to a volume of 25 ml and titrate 
with sodium thiosulfate. 

Remark. — Moist lead peroxide reacts almost instantly on undergoing the above 
treatment; thoroughly dried material, on the other hand, dissolves after a few min- 
utes provided it is finely ground. If the dry peroxide is in the form of coarse grains, 
however, it may be several hours before the reaction is finished, or the decomposition 
may be incomplete. 

Furthermore, too much potassium iodide should not be used, as otherwise lead 
iodide will separate out. In that ease add 3-5 g more of sodium acetate and a 
few milliliters of water. Shake until the lead iodide has dissolved completely, 
and then dilute to a volume of 25 ml. The solution must remain perfectly clear 
and there should not be a trace of lead iodide precipitate. 

This excellent method may also be used for the analysis of minium (red lead) or 
pyrolusite. 


19. Determination of Ozone in Ozonized Oxygen 

1 1 of 0.1 N NajSjOs = ^ = 2.4 g O 3 

(a) Schonbein^s Method 

The most accurate method for estimating ozone consists in allowing the ozonized 
oxygen to act upon potassium iodide solution whereby free iodine is formed: 

2 KI + O 3 + H 2 O = 2 KOH + I 2 + O 2 


* Diehl, Dingl. polyt. 246 , 196, and Topf, Z. anal Chem., 26 , 296 (1887). 
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and the iodine may lie titrated, after at-idnyiii^ the with dilute suliurie 

acid, by means of 0.1 A' sodium thiosulfate. 

It makes a difference, however, whether the ozone reacts with a neutral ur with an 
add solution. In the latter f^ase far too mucli iodine is liberated, although in the . 
former case e.xaetly the right amount is set free. Sir B. C. called attention 

to this fact in Ins classic researches on ozone. Brodie c* * * § onilrmed the results ob- 
tained in his titrations by weighing the amount of ttzone used in the e.xperiments. 
This w'ork of Brodie’s appears to have been forgot ten, f fur many other clieniists 
have since that time attempted to work out an iodometric metliod for estimating 
ozone, some using add solutions of potassium and iodide and some neutral solutions 
to absorb the gas, although fur a long time it occurred to no one else that the results 
could be checked by weighing out a definite amount of ozone for test e.xperiments. 
In 1901, however, this was done in a very simple way by R. Ladeiiburg and R. 
Quasig,? who were without knowledge of Brodie s work. Their method consisted in 
w^eighing a glass bulb of known capacity which was provided witli glass stopcocks, 
fiUing it with oxygen, and then weighing. The oxygen was then replaced by ozone, 
so that the gain in weight multiplied by 3 represented the amount of ozone present. 

In order, now% to titrate the ozone, Ladenburg and Quasig expelled the gas from 
the bulb by distilled w’ater, and conducted it slowly through a neutral solution of 
potassium iodide w’hich w’-as subsequently treated with an equivalent amount of 
sulfuric acid and the liberated iodine titrated with A’ sodium thiosulfate. 

The results of Ladenburg and Quasig have been carefully tested in the authors 
laboratory§ and the method improved somew’hat by absorbing the ozonized oxygen 
by potassium iodide solution in the glass bulb itself rather jhaii expelling the gas 
from the bulb and passing it into the iodide solution. 

The estimation of ozone by weighing is a much too round-about process to permit 
a practical application, particularly on account of the fact that the measurement 
and weighing of the gas must take place in a room at constant temperature, a con- 
dition which cannot in many cases be readily fulfilled. Consequently the volumetric 
titration of the gas is far more practical. 

Procedure. — Procure a glass bulb of about 300-400 ml capacity, of 
the form shown in Fig. 117, and determine its volume accurately by 
weighing it empty and then fill with water, applying the correction for 
temperature as described on pp. 461 et seq. Connect the bulb with a 
gas delivery tube, making use of Babo flanged joints (Fig. 117, c and d) 
pressing them together by means of a steel clamp, lined ^ith cork (Fig. 
118). Connect the delivery tube with the supply of ozone and oxygen, 
and replace the water in the bulb with the gas. During the filhng of the 
bulb, but little of the ozone is absorbed by the water. When the tube 
is filled, close the lower stopcock first and the upper one a few seconds 
later. Then disconnect the bulb with the gas delivery tube, invert, 
open the upper stopcock quickly for an instant to establish atmospheric 

* Phil. Trans., 162 , 435-484 (1872). 

t Luther and Inglis, Z. pkysik. Chem., 48, 208 (1903). 

t Ber., 34 , 1184 (1901). 

§ Treadwell and Anneler, Z. anorg. Chem., 48, 86 (1905). 
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pressure in the bulb, and connect by means of rubber tubing with 
the gas reservoir N which is filled with 2N potassium iodide solution 
(Fig. 119). Allow the air imprisoned in the rubber tubing to escape 
through the three-way stopcock h, and after properly setting the cock, 
introduce 20-30 ml of the iodide solution into the bulb. Finally 



close the stopcock h and disconnect the rubber tubing. Shake the 
contents of the bulb vigorously and allow to stand for half an hour; 
at the end of this time the absorption of the ozone will be complete. 

Place an Erlenmeyer flask under the stopcock h; open this and 
immediately afterwards the upper stopcock also. Wash out the bulb 
first by introducing some potassium iodide solution through a and finally 
with pure water. Make the contents of the flask acid with dilute sulfuric 
acid and titrate the liberated iodine with 0.1 N sodium thiosulfate. 

The computation takes place as follows: Assume the bulb to hold 
V milliliters; the weight of ozone found by titration = p grams; the 
temperature = f, the barometer reading = B millimeters, and the 
tension of water vapor = w. 

The volume of the bulb at 0° and 760 mm pressure is 

T7 _ - y^) 273 

° 760 (273 -h t) 
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Wiien filled with oxygen this would weigh: 


0.032 r. 
9941 


Therefore the weight of oxygen :ind ozone in the bulb is 

0.032 TE ^ p 
22.41 3 


and the percentage of ozone in the mixture is 


100 

o.ogrrTTp 

22.41 ^ 3 


6720 p 

0.096 Eu + 22.41 p 


per cent ozone 


(5) Method of Soret-Thenard"^ 

Ozone is absorbed quantitatively by means of sodium arsenite solu- 
tion in accordance vith the following equation : 

]!l\a2ELA.s03 "T O3 = ]Sa2lIAs04 4“ O2 

although A. Ladenburgt finds that the absorption takes place much 
more slowly than by means of potassium iodide. When, therefore, the 
ozone is passed through the arsenite solution, there is danger of getting 
too low results. If the absorption takes place in a glass bulb however, 
the results are good. 

Ozone is also absorbed by alkali bisulfite J solutions and may be 
estimated in this way, by titrating the excess of bisulfite vfith iodine. 
Ladenburg,! however, has shown that the method is not as accurate 
as the potassium iodide one, so that it will not be considered further here. 

20. Determination of Hydrogen Peroxide. Kingzett’s Method|| 

1 1 of 0. 1 N XaoS-iOs solution ~ 1-7008 g H 2 O 2 

The hydrogen peroxide solution is diluted until its H 2 O 2 content corresponds to 
about 0.6 per cent by weight, and of this solution 10 ml are used in the analysis. 

. Procedure. — Place about 2 g of potassium iodide in an Erlenmeyer 
flask and dissolve in 200 ml of water. Add 30 ml of 18 iV sulfuric 
acid, and then, with constant stirring, introduce 10 ml of the hydrogen 

* Cofnpt rend., 38 , 445 (1854), 75 , 174 (1872). 
t Ber., 36 , 115 (1903). 

i Neutral alkali sulfite is not suitable here, because it is not oxidized quickly by 
pure oxygen alone, 

§ Loc. dt. 

li /. Cliem. Soc., 1880 , 792. 
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peroxide solution from a pipet. After standing 5 minuteS; titrate the 
iodine liberated with 0.1 iV thiosulfate solution. 

H2O2 + 2 KI + H2SO4 = K2SO4 + 2 H2O + I2 

Remarh, — This method is rather better than that described on p. 570 because 
the titration can take place in the presence of glycerol, salicylic acid, etc., which are 
sometimes used as preservatives in commercial hydrogen peroxide preparations. 
These substances will render the results obtained by the permanganate titration 
less accurate. 


21. Determination of Iron 

Fe 

1 1 of 0.1 iV NaoSaOa solution = = 5.584 g Fe 

This method was first proposed by Carl Mohr* and is based upon the following 
reaction: 

2 FeCh + 2 HI ^2 HCl + 2 FeCh + I 2 

As the reaction is reversible, it is necessary to have an excess of hydriodic acid 
present in order that it may take place quantitatively in the direction from left to 
right. 

When carried out in the presence of air, a very little of the hydriodic acid is prob- 
ably oxidized by the air, but in the following procedure this error is counter-balanced 
almost exactly by the fact that the reduction of the iron is not quite complete. 
If sulfuric acid is present, higher concentrations of both acid and iodide are required 
and the end point is less stable. 

Procedure. — To about 30 ml of ferric chloride solution in a 200-ml 
Erlenmeyer flask containing 0.1-0.15 g of iron and 0.25-25 milli- 
equivalents of hydrochloric acid, add 3 g of solid potassium iodide, 
stopper the flask, and allow to stand for 5 minutes. Dilute to about 
100 ml and titrate with 0.1 iV thiosulfate solution, adding starch solu- 
tion toward the last. 


22. Determination of Copper 

On 

1 1 of 0.1 iV Na2S203 solution — = 6.357 g Cu 

Principle. — If a solution of a cupric salt at a suitable concentration is treated 
with an excess of potassium iodide, aU the copper is precipitated as cuprous iodide, 
and there is liberated one atom of iodine for each atom of copper present, 2 Cu++ -f- 
4 D — > CU 2 I 2 + L- The iodine is titrated with sodium thiosulfate solution. The 
method was studied by Gooch and Heath, f who found that the quantity of potassium 
iodide used, the concentration of the solution, and the quantity of acid present 
are three factors which must be taken into consideration. In a volume of 50 ml 


* Ann. Chem. Pharm., 106 , 53. Cf. Kolthoff, Pharm. Weekhlad^ 58, 1510 (1921); 
Bottger and Bottger, Z. anal Chem., 70 , 214; Grey, J. Chem. Boc., 1929 , 35; Swift, 
J. Am. Chem. Soc., 61 , 2682 (1929). 

t F. A. Gooch and F. H. Heath, Am. J. Sci., 4 , 25, 67; F. H. Heath, ibid., 25, 153. 
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an excess of 0.13-1.0 g of potassium iodide is sufficient to cause the complete pre- 
cipitation of 0.0020 g of copper, but in a volume of 100 ml an excess of 3-5 g is de- 
sirable. In general, the more dilute the solution, the greater the quantity of po- 
tassium iodide required. A larger excess of potassium iodide does no harm. 

A little free acid does no harm, but not more than 2 ml of concentrated mineral 
acid may be present in 50 ml of S3lution. 

If an appreciable amount of arsenic is present, mineral acids must not be present 
on account of their tendency to bring about the reduction of the higher salts of ar- 
senic and antimony when an excess of potassium iodide is used. Obviously the solu- 
tion must not contain any other oxidizing agent. 

Two procedures will be given for the determination of copper in an ore. In the 
first method, the sample is dissolved in nitric acid, or aqua regia, and the solution is 
evaporated with sulfuric acid to form insoluble lead sulfate. The insoluble residue 
together with lead sulfate is filtered off and the solution boiled with aluminum which 
precipitates copper and reduces ferric iron. The copper is filtered off and dii^lved 
in nitric acid; after this the procedure is practically the same as in the standardiza- 
tion against copper wire. The purpose of precipitating the copper with aluminum 
is toseparate it from iron which, in the ferric condition, is reduced by potassium iodide. 

This method is accurate but long. Low himself recommended a shorter procedure 
for ordinary wmrk. In the short method recommended by him, the solution was 
evaporated to drjmess and the dr\" residue was leached with strong ammonia solu- 
tion which dissolved out the cupric salt as blue cupric ammonia complex and left the 
iron behind. After the solution was made acid with acetic acid, it was treated mth 
potassium iodide and the liberated iodine titrated with thiosulfate. After some 
practice with this short method good results can be obtained but if the residue has 
become baked, often some of the copper does not dissolve, whereas if the evapora- 
tion has taken place during constant rotation of the flask while being heated over a 
free flame and the heating is stopped as soon as the residue is dry, the extraction of 
all the copper is possible if sufficient salt, such as potassium chloride, is present. 

It has been found, however, that it is possible to avoid the separation of the copper 
from the iron if some substance, such as fluoride, is added to convert the ferric cations 
into a slightly ionized complex. Then, if the solution is buffered to give the proper 
hydrogen-ion concentration, the solution can be titrated just as if no iron were 
present. The method of Bartholow Park,* which will be described after that of 
Haen-Low, is based upon this principle. 


(a) Method of Haenf-LowJ 

Procedure. — To 0.25-0.50 g of fine ore weighed into a 250-niI Erlen- 
meyer flask, add 6 ml of 16 N HNO3, and boil gently until nearly dry. 
Add 5 ml of 12 N HCl and heat again. As soon as the incrusted matter 
has dissolved add 12 ml of 18 N H2SO4 and heat until the acid fumes 
freely. Cool and add 25 ml of water. Then heat until any anhydrous 
ferric sulfate is dissolved, and filter to remove insoluble sulfates and 
silica. Wash the flask and filter paper with hot water until the volume 

* Ind. Eng. Chem., Anal. Ed., 3, 77 (1931). 

t Ann. Chem. Pharm., 91, 237 (1854). 

I Technical Methods of Ore Analysis. 
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of the filtrate amounts to about 75 ml, receiving it in a 150-nal beaker. 
Take a strip of aluminum, about 2.5 cm wide and 14 cm long, bend it 
into a triangle, and place it in the beaker resting on its edge. Cover the 
beaker and boil gently for 7-10 minutes, which will be suflacient to 
precipitate all the copper, provided the solution does not much exceed 
75 ml. Avoid boiling to a very small volume. The aluminum should 
now appear clean, the copper being detached or loosely adhering. 
Remove from the heat and wash down the cover and sides of the beaker 
with hydrogen sulfide water. This wiH prevent oxidation and will also 
serve to precipitate the last traces of copper. If the hydrogen sulfide 
shows that there was more than a very little copper remaining in solu- 
tion, it is best to dilute the solution to 75 ml again and to boil a short time 
longer. This will coagulate the sulfide. Finally, decant through a 
filter and then, without delay, transfer the precipitate to the filter with 
the aid of a stream of hydrogen sulfide water from a wash-bottle. Let 
the strip of aluminum remain in the beaker, but wash it as clean as 
possible with the hydrogen sulfide water. Wash the filter and precipi- 
tate at least 6 times with this hydrogen sulfide water, but take care not 
to let the filter remain empty for any length of time. Moist copper 
sulfide oxidizes very rapidly when in contact with the air with the forma- 
tion of a little copper sulfate, which will dissolve and pass through the 
filter only to precipitate again when it comes in contact with the filtrate 
containing hydrogen sulfide. 

Now place the original clean flask under the funnel, perforate the 
filter and rinse the precipitate into the flask with hot water, using as 
little as possible. Lift the fold of the filter and rinse down any pre- 
cipitate found beneath the fold. Using a small pipet, allow 5 ml of 
strong nitric acid to run over the aluminum in the beaker and pour it 
from the beaker through the filter into the flask, but do not wash the 
beaker or filter at this stage. Remove the flask and replace it with the 
beaker. Heat the contents of the flask to dissolve the copper and expel 
the red fumes, then again place the flask under the funnel. Now pour 
over the filter 5 ml or more of bromine water, using enough to impart 
a strong color to the solution in the flask. Next wash the beaker and 
aluminum, pouring the washings through the filter. Finally wash the 
filter 6 times with hot water. Boil till the solution is reduced to about 
25 ml, cool somewhat, and add a slight excess of strong ammonia (about 
7 ml). Boil ofi the excess of ammonia, add an excess of acetic acid, 
and boil a minute longer. Cool to room temperature, add 3 g of potas- 
sium iodide, and titrate with sodium thiosulfate solution, adding starch 
toward the last. 
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(6) Method of Park 

Dissolve the sample exactly as described in tiie above method of 
Hacm-Lovv’ and continue exactly as described there but receive the fil- 
trate from the lead sulfate precipitate in a 250-ml Erienmeyer flask. 
Concentrate to about 30 ml, cool, and add ammonium hydroxide until 
the greater part of any iron present is precipitated or the solution smells 
faintly of ammonia after blotting away the vapors from the top of the 
flask. Be careful to avoid an excess of ammonia. Heat if necessary to 
remove excess ammonia. Add 2 g of ammonium bifluoride, weighed 
to the nearest centigram, and 1 g of potassium biphthalate, also weighed 
to the nearest centigram. Add approximately 3 g of potassium iodide 
and titrate at once with thiosulfate solution, adding starch toward the 
last. 

Under the above conditions the pn of the solution is about 4 and anti- 
mony or arsenic are not reduced by the iodide. Ferric iron is not re- 
duced because it is present for the most part as FeFs anions. 

23. Analysis of Arsenious Acid 

(a) The titration can take place in exactly the same way as in the 
standardization of 0.1 A iodine solution (see p. 603). 

(6) Titration of Arsenious Acid with Potassium Bromate 

TTRrO 

1 1 of 0.1 N I^BrOs = = 2.7S4 g KBrOs = 4.94S g As-Os 

Principle. — If a hydrochloric acid solution of arsenious acid is treated T:\ith 
potassium bromate, the arsenic is completely oxidized to arsenate. As soon as all the 
arsenic is oxidized, the next drop of potassium bromate solution causes separation 
of bromine. 

3 NaaHAsOs + KBrOs + 6 HCl = 6 XaCl A KBr + 3 H3ASO4 
KBtOs -h oKBr + 6HC1 = 6 KCl 4- 3 H.O + 3 Bro 

If the solution contains methyl orange it will show an acid reaction as long as 
arsenic is present, but free bromine destroys the indicator and the solution becomes 
colorless at the end point. 

24. Determination of Antimony Trioxide Compounds 

1 liter of 0.1 N iodine solution = 7.289 g. Sb203 = 6.089 g. Sb 

The titration is carried out exactly as in the case of arsenious acid 
(cf. p. 603) except that tartaric acid, or RocheUe salt, must be added 
to the solution in order to prevent the precipitation of antimonous acid, 
or antimony oxychloride, as a result of hydrolysis. 



628 


VOLUMETRIC ANALYSIS 


Examples: 

(a) Determination of Antiinomj in Tartar Emetic 


If an aqueous solution of tartar emetic is treated with iodine in the presence of 
starch, the first few drops of reagent will impart a permanent blue color to the solu- 
tion. If, however, a little sodium bicarbonate is added to the solution, the trivalent 
antimony is oxidized quantitatively to the quinquevalent condition. 

K(Sb0)C4H406 + 6 NaHCOs + L = 


Na 3 Sb 04 + 2 Nal + KNsiCJiDe + 3 H 2 O + 6 CO 2 


1 liter of 0.1 iV iodine solution = 


K(Sb0)C4H406 + i H 2 O 
20 


= 16.70 g 


Dissolve 8.350 g. of tartar emetic in water, dilute the solution to exactly 500 ml. 
and mix well. Of this solution, transfer 20 ml. with a pipet into 100 ml. of water 
containing 0.5 g. of sodium bicarbonate. Titrate -with 0.1 N iodine solution, using 
starch as an indicator. 


(6) Determination of Antimony in Stihnite 
1 ml of normal iodine solution ~ 0.06089 g Sb 

Principle. — Stibnite, 86283 , dissolves in 12 N normal hydrochloric acid with 
evolution of hydrogen sulfide, 

ShSz + 8 HCl -> 2 HSbCh + 3 H 2 S t 

After the hydrogen sulfide has been removed, tartaric acid is added to form the 
antimonyl tartrate ion which is so stable that it prevents the hydrolysis of the 
antimony salt upon dilution: 

SbCh- + H 2 C 4 H 4 O 6 + H 2 O H(Sb0)C4H406 + 3 H+ + 4 Cr 

The final titration takes place as follows: 

H(Sb0)C4H406 + L 4 - 2 HCO 3 " H(Sb02)C4H406 + 2 I" + H 2 O + 2 CO 2 1 

Weigh out 0.2-0. 3 g of stibnite into a 150-ml beaker, cover with a 
watch glass, and add 10 ml of concentrated hydrochloric acid. Allow 
the acid to act in the cold for 10 minutes, add 0.3 g of solid potassium 
chloride, and heat gently on the water-bath for 15 minutes to complete 
the attack and expel hydrogen sulfide. Take care not to allow the 
liquid to evaporate sufficiently to expose any part of the bottom of the 
beaker. There is usually a silicious residue, insoluble in hydrochloric 
acid. 

Remove the beaker from the water-bath, cool to room temperature, 
and add a solution of 3 g of tartaric acid which has been dissolved by 
heating in a test-tube with 5 ml of water and cooled under running 
water. Mix well by rotating the contents of the beaker. Slowly add 
water, while stirring, to a volume of about 100 ml. 

Pour this solution slowly, while stirring, into a 600-ml beaker contain- 
ing 10 g of sodium carbonate dissolved in 200 ml of cold water. This 
serves to neutralize the acid and provide sufficient sodium bicarbonate 
to keep the solution neutral during the iodine titration. Wash down the 
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sides of the beaker, add starch paste, and titrate with iodine to the ap- 
pearance of a pernianeiit blue. 

If a fugitive end point is obtained, SbOCl has been precipitated or 
not enough sodium bicarbonate is present. 

Remarks. — Antimony chloride Is volatile with steam from its concentrated solu- 
tions, but the iieatiiig: on the water-bath can be carried out, without fear of losing 
antimony, provided rn-iSt of the acid is not allowed to evaporate and KGI Is present 
to form less volatile KSbCh. This heating serves to remove ail the hydrogen sulhde 
which would otherwise ])rec‘ipitate the antimony as trisulfide upon diluting the solu- 
tion. If insufficient tartaric acid is present, antimony o.xyehloride, SbOCI, precipi- 
tates, and if the solution is titrated in this condition it is impossible to obtain a per- 
manent end point. 

(c) Titration of Antimonous Acid with Potassium Bromaie* 

1 1 of .V KBrOs = = 7.2S9 g Sb.O. or t5.0S9 g Sb 

The procedure is the same as that described on p. 027. Enough hydrochloric 
acid must be used to prevent the precipitation of SbOCl. 


25. Detennmation of Antimony Pentoxide Compounds (A. Weller)t 

By heating a quinquevalent antimony compound with concentrated 
hydrochloric acid and potassium iodide in the Bunsen apparatus (Fig. 
114, p. 600), the antimonic acid is reduced to antimonous acid with 
separation of iodine: 

SboOs “h 4 HI = Sb203 -f- 2 H 2 O -r 2 I 2 

The iodine is distilled over into potassium iodide solution and titrated 
with 0.1 N Na 2 S 203 solution. The results are a little low. 

26- Determination of Tin with Potassium Bromate| 

1 1 of 0.1 N KBrO, = ^ = 5.935 g Sn 

Place 20 ml of faintly acid stannous or stannic solution (about 6 g 
of tin per liter) in a 200-mi flask, add 0.15 g of aluminum wire in short 
pieces, and allow the reaction to proceed in the cold until all the tin is 
precipitated. Add 30 ml of concentrated hydrochloric acid and 20 ml of 
water, and stopper the flask with a Bunsen valve (p. 548). Heat gently 
till all the tin has dissolved. Cool and titrate with 0.1 N potassium 

* Method of H. Zschokke. Cf. Fiechter and Mueller, Chem. Ztg.\ 37, 309 (1913). 

t Ann. Chem. Phann., 213, 364. 

i St. Gyory, Z. anal. Chem., 32, 415 (1893). 
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bromate solution (2.784 g per liter) until a permanent yellow color is 
obtained. 

- BrOs" + 6 H- = 3 H 2 O + Br" + 3 ! 

BrOs' + 5 Br" + 6H- = SBrs +3 H 2 O 

Remark — Boiler obtained low results when testing pure tin. He has improved 
the method by adding a slight excess of bromate, then some potassium iodide, and 
finally titrating with sodium thiosulfate. The results are about 1 per cent too low 
if air is present in the solution. Boiler proceeds as follows: 

Place 100 ml of 7 N hydrochloric acid in the 500-ml flask shown in 
Fig. 120, and boil 5 minutes to expel air, with stopcock A open and B 
closed. Remove the flame and quickly introduce 
the weighed sample of metallic tin and a little 
piece of calcite to furnish carbon dioxide gas. Re- 
place the top piece and, with B open, boil gently 
until all the tin is dissolved. Then close B and 
cool the contents of the flask with cold water. 
This produces a partial vacuum in the flask. 

While the tin is dissolving prepare a mixture of 
50 ml of 0.1 W KBrOs solution, 1 g of potassium 
bromide, and a little water. Boil 5 minutes to 
expel air. Pour this solution into the funnel of the 
above-mentioned flask and allow it to flow into the 
stannous solution by carefully opening the stop- 
cock A. The stannous chloride is oxidized in- 
stantly to stannic salt. Rinse out the contents 
Fig. 120. of funnel with boiled water, add 10 ml of 5 
per cent potassium iodide solution, and titrate 
with 0.1 iV thiosulfate. 

The tin determination as originally given by Zschokke gives good 
results if the bromate solution is standardized against tin in the same 
way that the analysis is made. 


27. Determination of Hydrogen Sulfide 

1 1 of 0.1 N NaaSaOs solution = ^ = 1.704 g HaS 

■ftU 

If a solution of hydrogen sulfide is treated with iodine, it is oxidized 
with separation of sulfur: HjS + I 2 = 2 HU- S. 

For the determination of the amount of the gas present in hydrogen 
sulfide water, transfer a measured amount by means of a pipet to a 




DETER.MIXATIOX OF HYDROGEX SULFIDE 


631 


known volume of 0.1. Y iodine solution and titrate the excess of the 
latter with thiosulfate solution.'^ 

If the amount of hydrogen sulfide present is not very largOj correct 
results are obtained without difficulty. With considerable hydrogen 
sulfide, on the other hand, the deposited sulfur is likely to enclose some 
of the iodine solution, as shown by its brown color; this iodine escapes 
the titration with thiosulfate. In such a case, remove the fihn of sul- 
fur floating on the surface of the liquid with a glass rod after the com- 
pletion of the thiosulfate titration, transfer it to a glass-stoppered 
cylinder, and shake with 1-2 ml of carbon bisulfide. The latter dis- 
solves the iodine with a %’iolet color and the color can be discharged 
with sodium thiosulfate solution.! In this way the total amount of 
the iodine that remains can be titrated. 

Remark. — This method can be used to advantage for determining the suEiir 
present in soluble sulfides. 


Determination of Hydrogen Sulfide in Mineral Waters 

Place a measured amount of 0.01 .Y iodine solution and 2 g of potas- 
sium iodide in a tall liter cylinder, add 1 1 of the water to be analyzed, 
and, after thoroughly shaking, titrate the excess of the iodine with 
0.01 -V thiosulfate. The standardization of the iodine solution used is 
accomplished by measuring off 10 mi of the solution, adding 2 g of 
potassium iodide, diluting to 1 1 with boiled water, and titrating with 
0.01 N thiosulfate solution. 


Remark. — The hydrogen sulfide in a water is not always present as free gas 
but may be present as hydrosulfide, i.e.j as HS~ anions. The mineral water will 
also contain free carbonic acid and HCOs~ anions. According to the mass-action 
law: 


( 1 ) 


[H+] X IHS"] 
[H.S] 


= 0.91 X 10-7 


and 


( 2 ) 


[HoCOs] 


Since the two equilibria are both satisfied in the solution, the hydrogen-ion con- 


centrated is the same in each expression. 


[H+l- 


0.91 X 10-7 X 
[HSl 


and in- 


* Correct results cannot be obtained by titrating directly with iodine; cf. 0. 
Brunck, Z. anal. Chem., 45, 541 (1906). 

t The separation of the sulfur into a coherent film can be prevented by sufficiently 
diluting the solution mth boiled water. O. Brunck (Z. anal. Chem., 45, 541) there- 
fore, recommends using 0.01 N iodine instead of 0.1 N solution, and this is certainly 
advisable with small quantities of hydrogen sulfide as, for example, in a mineral 
water. On the other hand, when a relatively large volume of hydrogen sulfide is 
liberated from a sulfide by means of acid it is advisable to use 0.1 N iodine, as other- 
wise the volume of solution will be too large unless a very small weight of substance 
is used in the analysis. 
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serting this value in equation (2) we have 


(3) 

In all these equations the sjnnbols in brackets represent moles per liter of the sub- 
stance. 

With the aid of equation (3) it is possible to compute the quantity of free hydrogen 
sulfide present in a sample of mineral provided a complete analysis of the water has 
been made. 

Let C == the total millimoles per liter of non-ionized H 2 CO 3 and HCOs"’, let S = 
the total millimoles per liter of HS“ and non-ionized H 2 S, and let d ~ the difference 
between the total milli-equivalents of cations per liter and of the anions with the 
exception of HCO 3 and HS . Then d == [HS ] + [HCO 3 I? ^ = [HS -{- H 2 S] 
and C = d 4- [H 2 CO 3 ] - [HS~]. 

From this it follows: 

[HSl = S- [H 2 S] 

[HCO 3 I ^d- [HS"] = [HoS] 

[H 2 CO 3 ] = C - d + [HS"] = C -d+S - [HaS] 

Substituting these values in equation (3) we get: 

^--[HoS]^ d-Sf + [H2S] 

[H 2 S] C - d 4- ^ - 

and by solving the equation 

,,, (1.75 - C - 0.7 d) ± V(1.7 S + C -0.7 d)^ - 2.85(5 + C - d) 

(4) [M2bj = 

= millimoles of free H 2 S per liter. 

This value multiplied by 34.09 gives the weight of free H 2 S in grams. 

28. Analysis of Alkali Sulfides 

1 1 of 0.1 N iodine solution == ^ ^ ^ ® 

Allow a measured volume of the alkali sulfide solution to run slowly, 
with constant stirring, into 300-4(X) ml of water, an excess of iodine 
and hydrochloric acid.* Titrate the excess of iodine with sodium thio- 
sulfate solution. 

Remark. — It does not work to titrate directly with the iodine solution. 

29. Determination of Alkali Sulfides with Potassium Bromatef 

1 1 ot 0.1 iV KBrOa = = 0.4260 g HsS 


Place the measured sample of solution in the liter bottle shown in 
Fig, 121, which is provided with a ground-glass stopper carrying a drop- 

* To determine how much acid is necessary, titrate a trial sample with methyl 
orange as indicator with 6 N hydrochloric acid, 
t Treadwell and Mayr, Z. anorg. Chem., 92, 127 (1915). 
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ping funnel. Add a considerable excess of 0.1 A" potassium bromate 
solution and 3™4 g of potassium bromide. Evacuate the bottle with a 
water-suction pump and dose the stopcock. Pour hydro- 
chloric acid in the funnel and allow it to flow into the 
bottle by carefully opening the stopcock. T^Tien the solu- 
tion is distinctly acid, close the stopcock and shake the 
contents of the bottle. To effect a good oxidation, the 
solution should contain 25 per cent of concentrated hydro- 
chloric acid by volume. At first the solution assimies a 
brown color, then the color fades but should remain 
distinctly yellow. A slight turbidity of sulfur disappears 
in 10-15 niiniites, being oxidized to sulfuric acid. 

^Mien the solution is perfectly clear, wash out the funnel 
with a little water but avoid letting air enter. Add 2-3 
g of potassium iodide dissolved in a little water and shake. 

Rinse out the funnel and titrate with sodium thiosulfate solution. 

If T is the volume of 0.1 A^ bromate solution used and t the volume 
of 0.1 A" thiosulfate, then {T — t) 0.0004260 g HoS is present. 

This method is a little more complicated than direct titration with 
iodine, but as the oxidation of the sulfur is from sulfide to sulfate, 
4 times as much oxidizing agent is required. The method is suitable for 
the titration of hydrogen sulfide in the presence of thiocyanate. 



Fig. 121 . 


30. Titration of Alkali Sulfide in the Presence of Alkali Thiocyanate 

The reactions involved in the method are illustrated by the follow- 
ing equations: 

H2S + 4H2O + 4Br2 = 8HBr + H2SO4 

HCNS + 4 H2O + 3 Bro = H2SO4 + HCN + 6 HBr 

(6) H2S + I2 = 2 HI + S 

In one sample determine the total sulfur content by the method just 
described, and in another sample determine the sulfide iodometrically 
according to 28, p. 632. If the total 0.1 A' potassium bromate solution 
used was T milliliters and t miUiliters of thiosulfate were used for 
titrating the excess and ti milliliters of 0.1 N iodine solution were used 
for the direct titration of sulfide in the same weight of substance, a 
grams, then 

[(T 0.0968 

X 0.1603 


and 


= per cent S (as sulfide) 
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31. Analysis of Mixtures of Alkali Sulfide, Alkali Hydrosulfide 
and Hydrogen Sulfide 

r 1.704 g HoS 

1 1 of 0.1 V iodine solution = j 2.803 g NaHS 
[ 3.903 g NaaS 

Principle. — If a solution of alkali sulfide and alkali hydrosulfide is treated with an 
acid solution of iodine, the following reactions take place: 

(a) NaoS + 2 HCl = 2 NaCl + H 2 S 
(h) NaSH + HCl = NaCl + HoS 
(c) HsS 4- 12 = 2 HI + S 

Hydrogen sulfide is a very weak acid, without effect upon phenolphthalein indi- 
cator. After oxidation, the hydrogen sulfide is replaced by the strong mineral acid, 
hydriodic acid. 

It is evident from the above equations that in the case of the sulfide, the quantity 
of hydriodic acid formed by the oxidation of the hydrogen sulfide is equivalent to the 
quantity of hydrochloric acid required to decompose the sulfide. In the case of the 
hydrosulfide, however, which is the acid salt of hydrogen sulfide, the quantity of 
hydriodic acid formed is equivalent to twice the quantity of hydrochloric acid re- 
quired to decompose the hydrosulfide. 

By determining the quantity of acid or base present at the start the acidity at the 
end of the analysis, and the quantity of iodine used in oxidizing the sulfide to free 
suKur, one can distinguish between the following possibilities, in which it is assumed 
that any strong acid present is hydrochloric acid and any base is sodium hydroxide. 
The reasoning applies, of course, to cases where other strong acids or other bases are 
present. The solution may contain 

(1) Sodium hydroxide, NaOH, and sodium sulfide, Na 2 S. 

(2) Sodium sulfide alone. 

(3) Sodium sulfide, Na 2 S, and sodium hydrosulfide, NaHS. 

(4) Sodium hydrosulfide alone. 

(5) Sodium hydrosulfide, NaHS, and hydrogen sulfide, H 2 S. 

(6) Hydrogen sulfide alone. 

(7) Hydrogen sulfide, H 2 S, and hydrochloric acid, HCl. 

Any other possibility is excluded because sodium hydroxide and sodium hydrosulfide 
react to form sodium sulfide, sodium sulfide and hydrogen sulfide react to form 
sodium hydrosulfide, sodium hydrosulfide and hydrochloric acid react to form hydro- 
gen sulfide. We may regard these last three reactions as taking place practically 
completely because there is a great difference in the ionization constants of HCL 
H 2 S and HS". 

Now let us consider what will happen in the analysis of the seven mixtures just 
mentioned. In the analysis let us assume that a milli-equivalents of iodine solution 
together with b milli-equivalents of hydrochloric acid are added at the start. The 
excess iodine is titrated with c milli-equivalents of sodium thiosulfate, and after that 
d milli-equivalents of sodium hydroxide are added to make the solution neutral to 
phenolphthalein. From these four values, a, 6, c, and d, we can easily compute 
the quantity of NaOH, Na^S, NaHS, H 2 S, and HCl originally present, but, as just 
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explainedy the only possible combinations will be two neigiiboriiig eooipounds, 
NaOH and Xa,S, Na^S and XaHS, XaHB and H-A H,S and HCl 

(1) In this ease, the hydrochloric acid added at the beginning of the analysis will 
be neutralized by both XaOH and X'a-S. The quantity of iodine required will be 
equivalent to the suihde present, and, since the weak hydrogen sulfide becomes strong 
hydriodic acid, just as much hydriodic af:*id will be formed as wnis required of hydro- 
chloric acid to liberate hydrogen sulfide from the sodium sulfide. 

a — c == milli-equivalents of sulfide present 
h — d — milli-equivalents of XaOH 

The molecular weight of Xa^S divided by 2000 is the milli-equi valent weight of 
Xa.S, 

(2) In the second case, when sodium sulfide alone is present, 6 = d and a — c ~ 
milli-equivalents of sulfide as in case (IL 

(3) When sodium sulfide and sodium hydrosulfide are both present, the relations 
are a little more complicated. As in the previous eases, a — c ~ the milli-equiva- 
lents of sulfide present and the milli-equivalents of sodium sulfide and of sodium 
hydrosulfide from the standpoint of iodometry are the molecular weight divided by 
2000 in each case. The value d in this case is greater than h; d - 5 = the milli- 
equivalents of X'aHS present and a — c > 2 (d — b) because the miili-equivaient 
weight of sodium hydrosulfide from the acidimetric standpoint is one-thousandth of 
the molecular w’eight. Therefore, if we subtract from a — c '. the total milli-equiva- 
lents of iodine required for Xa 2 S and XaHS) twice the value of d — t, the difference 
will be the milli-equivalents of Xa^S present. 

(4) Here a — c = 2 (d ~ 5). The XaHS content can be computed from either 
o — c or from d — 6, but we must remember to di\dde the molecular weight of XaHS 
by 2000 if we v^ish to find the milli-equivalent from the iodometric standpoint and by 
1000 if we nfish to find the miUi-equivalent from the acidimetric standpoint, 

(5) When XaHS and HoS are present, a — c < 2 (d — b). Here, as in every other 
case, the miUi-equivalent of each sulfide is the molecular weight divided by 2000 
from the iodometric standpoint. With respect to the HI formed by the action of 
iodine, the milli-equivalent weight of X'aHS is the molecular weight divided by 
1000, but with hydrogen sulfide it is the molecular weight divided by 2000 exactly as 
in the iodine titration. If 'we call ni the number of millimoles of X'aHS and n 2 
the millimoles of H^S, then 

2 ni-r 2 w 2 = a — c 
ni -j- 2 712 — d — b 

(6) When hydrogen sulfide alone is present 

a ~ c = d — b 

(7) When hydrogen sulfide and hydrochloric acid are present, a — c <d — b. 
From the value of a — c the quantity of H 2 S can be computed, and by subtracting 
a — c from d ~ b the milli-equivalents of HCl present are found. 

In any case, therefore, all w^e have to do is to compare the milli-equivalents of 
iodine with the milli-equivalents of acid or base required to neutralize the solution 
after the iodine titration. Calling the former value Ti (a — c in the above notation) 
and the latter value To {d — h in the above notation), the above seven cases can be 
summarized as follows: 
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(1) In determining we find that 6 > d. The solution contains NaOH and NaoS. 

(2) To = 0. XaoS alone is present. 

(3) Ti> 2 To. NaoS and NaHS are present. 

(4) Ti = 2 To. NaHS alone is present. 

(5) Ti < 2 To. NaHS and H^S are present. 

(6) Ti = To. HoS alone is present. 

(7) Ti < T 2 . HoS and HCl are present. 

The question naturally occurs to the student at this point as to whether such a 
study is of great importance. No such claim can be made. There is really no need 
of asking the student to carry out such an analysis in the laboratory in an elementary 
course of instruction. On the other hand, it is profitable for the student to try to 
understand these relations, for such problems do actually arise in chemical practice 
and, if the student understands what is meant by an equivalent weight, there is no 
reason why he should find great difficulty in following the above reasoning. Con- 
fusion arises from the fact that the milli-equivalent weight varies in accordance with 
the nature of the chemical reaction involved. The mathematical computations in- 
volve nothing more difficult than elementary algebra. 

Procedure, — Dilute a known volume of 0.1 iV iodine together with 
a known volume of O.liV hydrochloric acid* -in a beaker to a volume of 
about 400 ml, and slowly add the solution containing the dissolved sul- 
fide from a buret with constant stirring, until the mixture becomes 
pale yellow. Add starch indicator and titrate the excess of iodine 
with tenth-normal thiosulfate solution. Finally, titrate the acid in the 
solution with 0.1 iV sodium hydroxide solution, using phenolphthalein 
as indicator. Calculate the results as outlined above. 

32. Determination, of Sulfur in Steel 

Transfer 5 g of steel borings to a 250-ml flask which is fitted with a 
rubber stopper carrying a thistle tube that extends nearly to the bottom 
of the flask and a Kjeldahl distilling-bulb which ends just below the 
surface of the stopper (Fig. 122). This bulb acts as a splash trap. 
Connect the outside end of the bulb with glass tubing that reaches 
nearly to the bottom of a 200-ml Erlenmeyer flask. Connect the latter 
with a second Erlenmeyer flask. In each of the Erlenmeyer flasks 
place 50 ml of water and 10 ml of either of the following ammoniacal 
absorbents. 

Ammoniacal Zinc Sulfate, — Dissolve 20 g of ZnS04-7H20 in 100 ml 
of water and to the solution add an equal volume of concentrated am- 
monium hydroxide. Filter after standing over night. 

Ammoniacal Cadmium C/iZonde. — Dissolve 12 g of CdCl2*2H20 in 
150 ml of water and to the solution add 60 ml of concentrated am- 
monium hydroxide. Filter if not clear. 

* Enough acid to decompose all sulfide must be present. An excess does no harm; 
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Pour SO ml of 6.V HCl through the thistle tube of the evolution flask 
and heat so that there is a rapid and steady evolution of gas. 
ail the steel has dissolved boil for 30 seconds 
but never long enough to cause much HCl to 
pass over into the other flasks. The first 
flask should contain all the sulfur of the 
steel as white ZnS or as yellow CdS. The 
second flask is used merely to make sure 
that no H^S escapes imabsorbed. Filter 
off the sulfide precipitate, and wash out 
the flask twice with dilute XH4OH (approxi- 
mately’ 0.5 A"). Transfer the filter and pre- 
cipitate to a beaker and cover with 300 ml 
of w’ater. Rinse out the delivery tubing, 
where there is any sulfide, with 50 ml of N 
HCl, and add this solution to the liquid in 
the beaker containing the precipitate. At 
once add a measured volume of standard 
iodine solution (10 mi of 0.05 A" solution 
is usually sufficient and should be added 
from a pipet), and after a few minutes titrate the excess iodine with 
sodium thiosulfate solution to a starch end point (see p. 601). 

Unless the relative strengths of the two solutions have been checked 
recently, add 10 ml of the iodine solution from a pipet to 300 mi of 
water to which 5 ml of concentrated HCl has been added and titrate 
with thiosulfate to a starch end point. 

In this analysis, the miili-equivalent w’eight of sulfur is 0.016 g. 
Standardize the solutions by any method described on pp. 599-604. 

Most cast irons do not give up all their sulfur by this method of analysis. The 
values are nearer the truth if the sample is annealed as follows: Wrap 5 g of sample 
in two 11-cm filter papers so that all the metal is under at least 3 thicknesses of 
paper. Place in a 25-ml porcelain crucible, cover with a well-fitting lid, and heat 
30-40 minutes at about 750°. Cool slowly, and transfer the charred paper and steel 
to the evolution flask. With high-silicon irons, heat the acid rapidly to boiling and 
then allow to simmer. 

33. Determination of Thiosulfate in the Presence of Sulfide 
and Hydrosulfide 

Treat a measured volume of the solution in a 200-ml measuring-flask 
with an excess of freshly precipitated cadmium carbonate. Shake 
well and dilute the liquid to the mark. Filter through a dry fiilter, 
reject the first 20 ml of filtrate, and titrate 100 ml with iodine solution. 
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By shaking with cadmium carbonate, the sulfide and hydrosulfide are 
removed and the thiosulfate remains in solution. 

34. Dete rmin ation of SulfuTOUS Acid 

SO 

1 1 of 0.1 A" iodine solution = ■— = 3.203 g SO 2 


The determination is based upon the following reaction: 

SO 2 + 2 H 2 O + I 2 = 2 HI + H 2 SO 4 

the sulfurous acid being oxidized to sulfuric acid. If starch is added 
to a solution of sulfurous acid, and a titrated iodine solution is run 
into it from a buret, the blue color will not be obtained until all the 
sulfurous acid has been acted upon. Bunsen, however, in 1854 showed 
that this sensitive reaction, which was first used by Dupasquier, will 
take place quantitatively according to the above equation only when 
the solution does not contain more than 0.04 per cent by weight of SO 2 . 
With greater concentrations uniform results are not obtained. This 
irregularity was ascribed to the reversibility of the reaction, so that it 
was suggested that the titration be performed in alkaline solution,* 
thus remoiung the hydriodic acid as fast as it is formed. But the results 
then obtained are still inaccurate.f Finkener,^ on the other hand, 
states that correct values will be obtained if the sulfurous acid is allowed 
to run into the iodine solution. 

J. Volhard§ has confirmed the results of Finkener and shown that 
the anomalous results obtained on titrating sulfurous acid with iodine 
are not due to the reversibility of the reaction, for the direct addition 
of 20 per cent sulfuric acid is without influence. The incomplete oxi- 
dation of the sulfurous acid is caused by the fact that the hydriodic 
acid reduces a part of the sulfurous acid to free sulfur: |j 

(1) SO 2 + 4 HI = 2 I 2 + 2 H 2 O + S 

* Addition of MgCOa or NaHCOs (Fordos and Gelis). 

. t E. Rupp, Ber.j 36, 3694 (1902), states that it is possible to obtain good results 
by the method of Fordos and Gelis if the sulfurous acid is allowed to act for at least 
half an hour upon an excess of iodine in the presence of sodium bicarbonate. The 
solution is then titrated with sodium thiosulfate. According to E. Miiller and 0. 
Diefenthaler, however, this is theoretically incorrect, for the iodine tends to form a 
little hypoiodite: I 2 + H 2 O HI + HIO, which reacts with sodium thiosulfate: 
NasSsOs 4- 4 HIO + H 2 O = N'a2S04 + H 2 SO 4 + 4 HI. 

I Finkener-Rose, Quantitative Analyse^ p. 937 (1871). 

§ Ann, Chem. Pharm.^ 242 , 94. 

II If iodine solution is added slowly to a not too-dilute sulfurous acid solution, a 
distinct separation of sulfur is soon apparent. 
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If sulfurous acidj whether dilute or concentratedj is allowed to run 
into a solution of iodine with constant stirrings there is complete oxi- 
dation of the SO2: 

(2) SO 2 + I 2 + 2 H 2 O = 2 HI + H 2 SO 4 

If, on the contrary, iodine solution is run into the solution of sulfurous 
acid, both reactions tvdll take place: 

(3) 3 SO 2 + 4 HI + 2 H 2 O == 2 H 2 SO 4 + 4 HP + S 

According to Raschig,t however, Voihard’s explanation is also in- 
correct, for he finds that no separation of free sulfur takes place if the 
iodine is allowed to act upon sulfur dioxide in a dilute solution. Raschig 
believes that the error that results when iodine is added to the sulfurous 
acid solution is due to a loss of SO 2 by evaporation. 

Correct remits are always obtained if the sulfurous acid is added slowly j 
mill constant stirring^ to the iodine solution until the latter is decolorized. 

In the analysis of sulfiteSy add the sulfite solution /rom a buret to the 
solution of iodine and hydrochloric acid. 

35. Determination of Formaldehyde (Formalin). Method of 
G. Romijnj 
HCHO 

1 1 of 0.1 X iodine solution = — = 15.01 g formaldehyde 

PHnciple. — Formaldehyde is quantitatively oxidized to formic acid by remaining 
in contact with iodine for a short' time in alkaline solution: 

HCHO + H 2 O -f I 2 = 2 HI -f HCOOH 

Procedure. — The aqueous solution of formaldehyde, knowm com- 
mercially as “ formalin, contains about 40 per cent of formaldehyde. 
For analysis, dilute 10 ml of the formaldehyde solution to 400 ml, 
and of this 1 per cent solution, take 5 ml ( = 0.125 ml of the original 
solution) for analysis. Add 40 ml of Q.IN iodine solution, and im- 
mediately afterwards strong sodium hydroxide solution, drop by drop, 
until the color of the solution is a light yellow; allow to stand for 10 
minutes. Then make the solution acid with hydrochloric acid, and 
titrate the excess iodine with 0.1 iV* sodium thiosulfate solution. 

* The HI acts as a catalyzer according to Volhard. 

t Z. angew. Chern., 1904, 580. 

X Z. anal Chem., 36, 19 (1897). 
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36. Determination of Ferricyanic Acid* 

i 1 of 0.1 N iodine solution = ~ = 32.92 g 

Principle. — If a neutral solution of potassium ferricyanide is treated ^ith an 
excess of potassium iodide, the ferricyanide ion is reduced to ferrocyanide ion with 
separation of free iodine: 

2 KsFeCCXje + 2 KI ^ 2 I^Fe(CX)6 H- U 

Lenssen titrated the liberated iodine with sodium thiosulfate, but 
the results are not concordant, because the reaction is a reversible one. 
The reaction is quantitative, however, as Mohr first showed, if the 
ferrocyanide is removed from the solution as fast as it is formed. This 
is accomplished, according to Mohr, by adding an excess of zinc sulfate, 
free from iron, to the solution. According to the experiments of E. 
Muller and 0. Diefenthaler, f the titration should take place in a solu- 
tion which is as nearly neutral as possible, but not in one made alkaline 
by the addition of sodium bicarbonate (see p. 638). 

Muller and Diefenthaler^ s Procedure. — Weigh out 0.7 g of the ferri- 
cyanide into a glass-stoppered flask, dissolve in about 50 ml of water, 
and treat with 3 g of potassium iodide and 1.5 g of zinc sulfate free from 
iron. If an acid solution of ferricyanide is to be analyzed, carefully 
neutralize with caustic soda until barely alkaline and then made acid 
with a drop of sulfuric acid. Alkaline solutions must always be neu- 
tralized with acid. 

37. Determination of Ferri- and Ferrocyanide in the Presence 
of One Another 

In one sample determine ferricyanide iodometrically as just described 
and in another sample determine ferrocyanide by permanganate 
titration (p. 573). 

38. Determination of Phenol. Method of W. KoppeschaarJ 
1 1 of 0.1 N NajSA = = 1.568 g CeHsOH 

Principle. — If an aqueous solution of phenol is treated with an excess of bromine, 
the phenol is converted quantitatively into tribromophenol: 

GeHsOH 4- 3 Brs = 3 HBr + CeHaBrsCOH) 

The tribromophenol is a pale yellow, crystalline substance which is quite insoluble 
in water (43.7 1 of water dissolve 1 g of tribromophenol). If, after the reaction 

* Lenssen, Ann. Chem., 91, 240. Mohr., iUd., 106, 60. 

t Z. anorg. Chem., 1910, 418. 

t Z. anal Chem., 16, 233 (1876). 
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has taken place, pr^tassium iodide is added to the solution, iodine is liberated corre- 
sponding to the excess, of bromine, and by titrating this iodine with sodium thiosulfate 
solution, it is easy to find how much bromine reacted with the phenol. 

Require meyits . — 0.1. V bromine solution and 0.1 A' s<3dium thiosulfate solution. 

On account of the volatility of free bromine, Koppeschaar uses a solution of 
potassium bromate and bromide which, upon being acidified, gives a known amount 
of bromine in accordance with the equation: 

IvBrOs T- 5 KBr -f 6 HCl = G KCl 4- 3 H.O -f 3 Br. 

Thus, to obtain 0.1 A' bromine solution which will keep indefinitely, dissolve 
exactly 2.784 g of pure potassium bromate 'dried at 100“) and about 10 g of potassium 
bromide in water and dilute the solution to 1 1 at 20°. An excess of bromide does no 
harm. 


Procedure. — Weigh out 5 g of phenol in a weighing-beaker, dissolve 
in a little water, rinse the solution into a liter flask, and shake well. 
Of this solution, pipet off 100 mi, transfer to another liter flask, dilute 
with water to the mark, mix and transfer 100 ml of this solution to a 
stoppered bottle of about 2D0-mI capacity^ treat vdth 50 ml of the 
bromate solution, shake, make acid with 5 mi of concentrated hydro- 
chloric acid, shake again, and allows to stand 15 minutes. Then add 
2-g of potassium iodide and titrate the liberated iodine, corresponding 
to the excess of bromine, with 0.1 N thiosulfate solution, using starch 
as indicator. Then if t milliliters of the last solution are used and the 
weight of phenol was a grams: 


(50 - 0 X 0.1568 
a 


per cent phenol 


R&mark. — Before making an analysis, a blank experiment should always be made 
with the bromate solution to make sure that its strength corresponds to the theoretical 
value. 

This method is suitable for the analysis of pure preparations of phenol (carbolic 
acid) but not for crude phenol, creosote oil, etc. 


39. Determination of Thiocyanate. Method of Treadwell-Mayr 

1 1 of 0.1 N KBrOs solution = = 0.9847 g HCNS 

In acid and neutral solution thiocyanate does not react with iodine 
but in alkaline solution the following reaction takes place: 

KCNS + 4 H 2 O + 4 Is = KHSO 4 + 7 HI + CNI 

The reaction takes place very slowly. The oxidation is effected much 
more rapidly with a bromate-bromide solution. 

Procedure. — Treat a measured volume of thiocyanate solution with 
a measured volume of 0.1 iV potassium bromate solution and 2-3 g 
of potassium bromide in the liter bottle shown in Fig. 120, p. 630. 
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Evacuate with suction and close the stopcock. Introduce 30-40 nil 
of QN hydrochloric acid for each 100 ml of solution without letting 
in any air. Shake vrell. After standing 10 minutes, rinse out the 
funnel with water and add 2-3 g of potassium iodide dissolved in a 
little water. Shake and then titrate the liberated iodine with 0.1 iV 
thiosulfate. 

If T is the volume of 0.1 iV bromate solution and i the volume of 
0.1 aV thiosulfate, then 

D. Ceric Sulfate Method 

Cerium forms colorless cerous salts in which it has a valence of 3 and yellovr or 
orange ceric salts in which it has a valence of 4. Cerous salts can be oxidized to 
ceric salts in acid solutions (a) by heating with lead dioxide and 5 N nitric acid, (6) 
by heating with ammonium persulfate, (c) by electrolysis, and (d) by sodium bis- 
muthate. 

2 Ce+++ + PbO. + 4 - 2 Ce++++ + Pb++ + 2 H 2 O 

2 Ce+++ + S 2 O 8 — = 2 Ce++++ + 2 S 04 “~ 

2 Ce+++ -f NaBiOs + 6 H+ = 2 Ce++++ + Na+ + Bi+++ -f 3 H^O 

As a result of the oxidation, the colorless cerous solution becomes yellow or orange. 
If a solution of a cerous salt is treated with an excess of alkali hydroxide and chlorine 
gas is led through the solution, the white cerous hydroxide, Ce(OH) 3 , which forms 
when the solution is made basic, is changed to light yellow ceric hydroxide, Ce(OH) 4 . 
The precipitate of ceric hydroxide dissolves in nitric acid yielding a red solution, 
but when acted upon by hydrochloric acid, colorless cerous chloride is formed and 
chlorine is evolved as a result of the oxidation of some of the hydrogen chloride. 

The normal potential corresponding to the reaction Ce'*"'*^ = Ce'^'^++ + e Is 
— 1.45 volts. If we compare this with the reaction Mn*^ + 4 H 2 O = Mn 04 "' + 
8 H"'' -j- 5 e which has a normal potential of — 1.52 volts and with the reaction 2 Cr‘’'++ 
+ 7 H 2 O = Cr 207 + 6 e w^hich has a normal potential of —1.3 volts, we see that 

ceric sulfate is a stronger oxidizing agent than potassium dichromate and is nearly 
as strong as potassium permanganate. Ceric suKate solutions are less sensitive to 
hydrochloric acid than are solutions of potassium permanganate, and there is but 
one possible reduction product. Were it not for the fact that ceric salts are much 
more expensive than equivalent quantities of permanganate, doubtless the use of 
these salts as oxidation agents would be far more prevalent. On the other hand, 
the cost of the reagent is by no means prohibitive, and it is already being used widely. 
Like permanganate and unlike potassium dichromate, the ceric salt is not suitable 
for use as a primary standard or, in other words, a standard solution cannot be ob- 
tained by weighing out an exact quantity of the reagent. The reagent should be 
prepared by dissolving approximately the proper quantity of ceric salt, and the solu- 
tion should then be standardized by titration against sodium oxalate or a solution 
containing ferrous salt. 

Ceric solutions, like those of potassium permanganate, can serve as their own in- 
dicators for the titration of colorless solutions, but the color change is not so marked 
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and it requires a little more of the eerie solution to impart a perceptible tint to the 
fully titrated solution. In the titration of ferrous salts with eerie sulfate it is best 
to add phosphoric acid to form the eohirless ferric acid phosphate complex and to 
use diphenylamine sulfonic acid as indicator. Diphenylamine itself, diphenyibeii- 
zidine, and some similar organic compounds can also be used as indicators. These 
indicators form oxidation products which have colors easily distinguishable from the 
colors of the unoxidized compounds, and the oxidation-reduction potential is such 
that the organic compound is not oxidized until after practically ail the substance 
being titrated has entered into the reaction; in other words, the color change takes 
place when the desired oxidation of the substance being analyzed has been completed. 

Preparation of 0.1 iV Ceric Sulfate Solution.* — Ceric sulfate solu- 
tions can be prepared by digesting the oxide, Ce02, with strong sulfuric 
acid at 125° or higher, cooling, and diluting. The solution after being 
diluted should be 1-2 .Y in sulfuric acid. Ceric oxide of suitable purity 
can be purchased as such, or it may be made by igniting cerous oxalate, 
which is one of the cheapest cerium salts, to 600-625° for about 10 hours. 

It is far more convenient to use pure ceric ammonium sulfate, 
Ce(S04)2*2 (NH4)2S04*2 HoO, which can now^ be purchased from dealers 
in chemicals and has the high molecular weight of 632,5. Weigh out 
approximately 65 g of the salt, add 500 ml of 2N sulfuric acid, and stir 
till all the solid has dissolved. Dilute to about 1 1, mix well, and keep 
in a glass-stoppered bottle. 

Standardization, (a) Against Sodiimi Oxalate, — Weigh out care- 
fully into 400-nil beakers duplicate portions of 0.25-0.30 g of pure 
sodium oxalate and dissolve each sample in 200-250 ml of boiling-hot 
water. To each solution add 10 ml of 18 -V sulfuric acid and titrate 
with the ceric sulfate solution until 1 drop of the reagent changes the 
solution from colorless to light yellow. Run a blank analysis in the 
same way with the same quantities of acid and water, but without any 
sodium oxalate, to determine how much of the ceric sulfate solution is 
required to impart a perceptible color to the volume of liquid used. 
Deduct this volume (usually about 0.05 ml) from the volumes used in the 
titrations against sodium oxalate. Compute the normality of the ceric 
solution in exactly the same way as in the standardization of potassium 
permanganate (p. 547). 

C 204 ~" + 2 Ce++++ 2 Ce+^ + 2 CO 2 

(h) Against Pure Iron, — Weigh out accurately portions of 0.025- 
0.030 g into 400-ml beakers; add 5 ml of water and 10 ml of concen- 
trated hydrochloric acid. Heat gently until all the metal has dissolved. 

* Wniard and Young, J. Am. Chem. Soc,, 50, 1322, 1334, 1372 (ic|8). WiUard 
and Furman, Elementary Quantitative Analysis. 
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Unless particular precautions are taken to avoid oxidation (see p. 548) 
the solution will show a slight yellow color, due to the formation of a 
little ferric chloride as a result of atmospheric oxidation; hydrochloric 
acid alone can only oxidize iron to the ferrous state. To convert all 
the iron to the ferrous condition, carefully add stannous chloride solu- 
tion (see p. 555) until the hot solution no longer shows any yellow color, 
but avoid adding an excess of the reagent. Cool, by placing the beaker 
in running winter, dilute to 150 ml, and add 10 ml of mercuric chloride 
solution (cf. p. 555). A white, silky precipitate of mercurous chloride 
should be formed. If the precipitate is dark in color or is bulky, it is 
best to throw the solution away and start again. To the ferrous solu- 
tion add 10 ml of phosphoric acid, d. 1.37, and 0.3 ml of 0.01 M diphenyl- 
amine sodium sulfonate. (To prepare this indicator solution, dissolve 
0.32 g of the barium salt in 100 ml of water, add 0.5 g of solid sodium 
sulfate, stir well, and allow the barium sulfate precipitate to settle. 
Decant off the clear solution.) Titrate with the ceric sulfate solution 
until the solution assumes a distinct purple tint. The reaction be- 
tween the indicator and the ceric sulfate is rapid but not instantaneous; 
the reagent should be added slowly toward the last. 

+ Ce-^ Fe+++ + Ce+++ 

Determination of Iron in an Iron Ore 

Dissolve 0.25-0,30 g of the powdered ore by heating gently with 20 
ml of eJV” hydrochloric acid exactly as described on p. 555. After the 
reduction with stannous chloride and treatment with mercuric chloride, 
add 10 ml of phosphoric acid, d, 1.37, and 0.3 ml of 0.01 M diphenyl- 
amine sodium sulfonate indicator solution. Titrate with ceric sulfate 
solution as just described for the standardization of the solution against 
pure iron. 

Ceric sulfate can be used for many other oxidations. It oxidizes 
hydrogen peroxide, nitrous acid, hydrazine, hydroxylamine, hydrazoic 
acid, tartaric acid, oxalic acid, anthracene, sodium thiosulfate, sulfurous 
acid, and hypophosphorous acid as well as many other substances. 
Some of these reactions can be utilized for various titrations. Thus the 
oxidation of the oxalate ion can be used not alone for standardizing the 
ceric solution but also for determining cations like calcium, strontium, 
lead, etc., which form insoluble oxalates. The filtered precipitates all 
yield oxalic acid, when digested with dilute acid, and the oxalic acid 
can be titrated with ceric sulfate. 
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Reduction Methods 
1. Detennination of Ferric Iron (Fresenius)^ 

In ail methods thus far discussed, it was necessary to reduce the iron 
to the ferrous condition before it could be determined volumetrically. 
In the following method, first suggested by Penny and Wallace, f but 
improved by Fresenius, the iron in the ferric condition may be determined 
with accuracy and rapidity. 

The h^^drochloric acid solution containing ferric chloride is titrated 
hot with stannous chloride solution until the former becomes colorless. 
By this means the ferric salt is reduced to ferrous salt: 

2 FeCls + SnClo = SnCU + 2 FeCb 

Inasmuch as it is not very easy to determine the end point with 
accuracy, because the last part of the iron is reduced very slowdy, it is 
customary to run over the end point and to titrate the excess of the 
stannous chloride with iodine solution. 

Solutions Required. 1. A Ferric Chloride Solution Containing a Known Amount 
of Iron. — Dissolve exactly 10.03 g of pure iron wire in 150 ml of 6 N hydrochloric 
acid in a long-necked flask held in an inclined position; oxidize the iron T;\ith potas- 
sium chlorate, and boil off the excess of chlorine. Transfer the ferric chloride 
solution to a liter flask and dilute to the mark with water; 50 ml of this solution 
contain 0.5 g of pure iron.t 

2. A Stannous Chloride Solution. — Heat 25 g of tinfoil in a covered porcelain 
dish for 2 hours on the water-bath with 50 ml of 8 N hydrochloric acid and a few 
drops of chloroplatinic acid to form a Pt-Sn couple which helps dissolve the tin. 
Add 150 ml more of hydrochloric acid and an equal volume of water, filter, and 
dilute to 11. As stannous chloride is oxidized by contact with the air, keep the 
solution in a flask which on one side is connected with the buret as shown in Fig. 
109, p. 501, and on the other side with a Kipp carbon dioxide generator. 

3. An Iodine Solution, Approximately Tenth-normal. 

Procedure. — (a) Standardization of the Solutions. 

First titrate the stannous chloride and iodine solutions against each 
other. Measure out 2 ml of the former with a pipet, dilute to about 
60 ml, add a little starch solution, and titrate the mixture with iodine 
until a blue color is obtained. 

Next, titrate 50 ml of the acid ferric chloride solution against the 
stannous chloride solution. 

(6) Determination of Iron in Hematite. Roast 5 g of the finely divided 
ore at a dull red heat to destroy any organic matter which may be present, 

* Z. anal. Chem., 1, 26. 

t Dingl. polyt. 149, 440. 

I The assumption being made that the iron wire contained 99,7 per cent pure iron. 
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place the powder in a long-necked flask, and heat with 25 ml of concen- 
trated hydrochloric acid and a little potassium chlorate until all the iron 
oxide is dissolved, leaving a white sandy residue* Add 20 ml more 
of hydrochloric acid and continue the boiling, while passing a current 
of air through the solution, until all the excess of chlorine is completely 
removed and the escaping vapors will no longer set free iodine when 
passed into a potassium iodide solution. Dilute the solution thus 
obtained to exactly 500 ml and use 50 ml for the analysis. - 

Example 

1. Standardization of the reagents: 

2 ml of stannous cMoride solution require 7.2 ml of iodine 


solution. 1 ml iodine solution = 0.278 ml SnCL 

50 ml ferric chloride solution ( = 0.5 g iron) require for de- 

colorization 30.34 ml SnCh 

and for the titration of the excess 0.51 ml of iodine solution 

-0.51 X0.2S O.UmlSnCh 

Consequently, 50 ml ferric chloride solution — 0.5 g iron = 30.20 ml SnCh 

and 1 ml SnCh == = 0.01656 g Fe. 

2. Titration of the solution to he analyzed: 

50 ml ( - 0.5 g of iron ore) require 18.96 ml SnCh 

and for the titration of the excess, 0.64 ml of iodine = 0.64 X 

0-28 = O.lSmlSnCU 

SO that 0.5 g of ore corresponds to 18.78 ml SnCh 

and contain, therefore, 18.78 X 0.01656 == 0.3110 g Fe - 62.20% Fe 


2. Determination of Tin by Ferric Chloride* 

This method is suitable for determining tin in tin-plating baths. 

Prindple. ~~ When a ferric chloride solution is added to a solution containing 
stannous chloride it is decolorized, then a pale greenish ferrous solution is obtained, 
and finally, when an excess of ferric chloride is present, a yellowish tint is easily 
recognized as the end point. If, when the titration is made in this way, so much 
pale green ferrous salt is formed that the end point is hard to recognize, this difficulty 
can be overcome by first oxidizing the greater part of the tin with normal potassium 
chlorate solution. 

SnCl 2 + 2 FeCh = SnCh + 2 FeCh 
3 SnCIj + KCIO3 + 6 HCl = 3 HjO + KOI + 3 SnCh 

Requirements. — I, Normal potassium chlorate solution. Dissolve 20.43 g of 
pure potassium chlorate, dried at 120°, in a little water and dilute with water at 
20° to 1 1. 

2. Normal ferric chloride solution. Dissolve 56 g of pure iron in 600 ml of 
6i\r hydrochloric acid. Heat toward the last, and gradually introduce 20 g of 
potassium chlorate. Boil till all the excess chlorine is removed, dilute to about 
900 ml, filter if necessary, and dilute to exactly 1 1 at 20°. 


Method of 0. Meister. 
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standardization of the Ferric Chloride Solution and Si^nnltaneous 
Determination of the Tin Content of a Solution, — Transfer 25 ml of the 
tin solution, which should contain about 30 g of tin in 300 mi of 6.V 
hydrocliloric acid, into a 200-mi flask held in an inclined position. Add 
0.3 g of aluminum powder, which will cause the precipitation of metallic 
tin. After the evolution of hydrogen ceases, add 20 ml of concentrated 
h}' drochloric acid, place a small funnel in the neck of the flask, and heat 
till all the tin is dissolved again. Rinse out the funnel and the neck of 
the flask with hot water ajnd run in ferric chloride solution from a buret 
into the boiling solution until the greenish yellow end point is obtained. 
Call the volume of ferric chloride solution T, 

Reduce another portion of the tin solution in exactly the same way 
but instead of adding ferric chloride solution, first oxidize the greater 
part of the tin with t milliliters of N potassium chlorate solution and 
finish with h milliliters of the ferric chloride solution. Evidently 
T — ti milliliters of the ferric chloride solution are equivalent to t milli- 


t 


liters of N potassium chlorate and 1 ml of FeCh solution = ^ — 

f milliliters of N solution = / X 0.05935 g of Sn. The tin content of the 

original solution is then 

T X / X 59.35 Q 

2^ -g Super liter 


3. Determination of Ferric Iron by Means of Titanous Chloride 
(Knecht and Hibbert)* 

Fe 

1000 ml of 0.1 iV TiCls solution = Jq = 5.585 g Fe 

Principle. — If an acid solution of a ferric salt is treated with titanous chloride, 
the iron is immediately reduced in the cold to the ferrous condition: 

FeCls + TiCh = TiCh A FeCh 

Preparation of Titanous Chloride Solution. — A concentrated solution 
of titanous chloride, prepared by the electrolysis of TiCU, can now 
be obtained on the market. To such a solution add an equal volume of 
concentrated hydrochloric acid, boil to expel any hydrogen sulfide, and 
dilute with ten times as much boiled water. 

Preserve the solution in contact with an atmosphere of hydrogen, 
or carbon dioxide, in a bottle such as is shown in Fig. 109, p. 501, which 
is connected with a buret, and in this case with a Kipp hydrogen, or 
carbon dioxide, generator instead of the soda-lime tube. 

* Ber., 36, 1551 (1903). TiCh is a very efficient reducing agent and has been 
used for many determinations. Cf. Knecht and Hibbert, New Reduction Methods 
in Volumetric Analysis, Longmans, Green & Co. 
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Standardization of the Tiianoiis Chloride Solution. — Prepare a ferric 
chloride solution of known strength as described on p. 645, and of this 
solution measure out 50 mi into a beaker, and slowly add the titanium 
trichloride with constant stirring, while a current of carbon dioxide 
is constantly being passed into the beaker. After the solution is nearly 
decolorized, introduce a drop of potassium thiocyanate solution, and 
continue the adding of titanous chloride to the disappearance of the red 
color. 

The analysis proper is carried out in exactly the same manner. 

4. Determination of Ferrous and Ferric Iron by the Titanium Method 

First titrate the ferrous iron with permanganate in the presence of 
manganous sulfate (cf. p. 552), and then determine the total iron with 
titanous chloride. 

The method can be carried out very rapidly, and the results are 
accurate. 

5. Determination of Titanium 

Reduce the quadrivalent titanium to the trivaient condition and 
titrate with methylene blue solution.* 

6. Determination of Hydrogen Peroxide* 

If titanous chloride is run into an acid solution of hydrogen peroxide, 
the latter is colored first yellow, then a deep orange, and as soon as the 
maximum depth of color is produced, it begins to fade upon the further 
addition of titanous chloride until finally the solution becomes colorless, 
which is taken as the end point. 

The reaction takes place in two stages: 

2 TiCh + 3 H 2 O 2 + 2 H 2 O = 2 H2Ti04 + 6 HCl 
H2Ti04 -f 2 TiCh -f 6 HCl - 3 TiCh + 4 H 2 O 

or combining the two equations: 

2 TiCls + H 2 O 2 + 2 HCl - 2 TiCh + 2 H 2 O 

On account of the fact that the reducing value of the titanous chloride 
solution is not very permanent, it should be standardized against ferric 
chloride before each series of experiments. 

If t m i lli l i ters of titanous chloride solution of which 1 ml = a grams 
Fe were required for the reduction of 1 ml of hydrogen peroxide, then 

^ ill^ grams H 2 O 2 are present = 30.46 at per cent H 2 O 2 

* Neumann and Murphy, Z. ang&w. Chem., 1913, 613. 
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If it is desired to express the percentage in percentage by volume of 
active oxygen (cf. p. 571) the following equation holds: 

10020 • at ~ per cent oxygen by volume 

According to Knecht and Hibbert,* persulfuric acid may likewise be 
estimated by titration with titanous chloride. The solution of the per- 
sulfate is treated vdlh titanous chloride solution and the excess of the 
latter is titrated with ferric chloride in an atmosphere of carbon dioxide, 

7. Determination of Hypochlorous Acid by Means of Arserdous Acid 

1 1 of 0.1 .V Xa 2 HAsOs solution — 3.546 g chlorine 


(a) Method of Penotj 

On adding an arsenite to a solution of a hypochlorite, the former is 
oxidized to arsenic acid, while the latter is reduced to chloride: 

~ + C10" = HAs04"” + Cr ~ 

The end point is reached when a drop of the solution added to a 
piece of iodo-starch paper will cause no blue coloration. 

Alkali hypochlorites and chloride of lime may be analyzed by this 
method and the results obtained are more reliable than those obtained 
by the iodometric method described on p. 615, for the presence of 
chlorate has no effect in this case. 

(b) Method of Pontius 

1 1 of 0.1 iV Ivl solution = 2.767 g Ivl = 3.546 g of chlorine 

This method is useful for the determination of the available chlorine 
in bleaching powder and depends upon the fact that potassium iodide 
is immediately oxidized to iodate by contact with bleaching powder in 
the presence of sodium bicarbonate solution. 

3 CaOCh + KI = KIO3 + 3 CaCb 

If potassium iodide solution is added to sodium bicarbonate solution 
containing bleaching powder and starch paste, a permanent blue color 
will not be obtained until all the bleaching powder has been decomposed. 
Then free iodine is formed and the end point is reached. 

I03~ + 5I- + 6Ca^ + 6 HC 03 "-> 6 CaC 03 + 3H20 + 3l2 

* Knecht and Hibbert, Rer., 38, 3324 (1905), 

t J. 'prakt Chem,y 64, 59 (1851). 
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From these equations it is clear that in this procedure the normal solu- 
tion of potassium iodide contains only J mole of the salt instead of 
1 mole. 

Procedure. — Triturate 7.092 g of chloride of lime in a porcelain 
mortar with a little water, rinse into a liter measuring-flask, and fill 
to the mark with water. Mix thoroughly and without allowing any of 
the precipitate to settle, transfer with a pipet 50 ml of the liquid to 
a beaker, add 3 g of sodium bicarbonate, and titrate with potassium 
iodide until a permanent blue is obtained with starch paste as indicator. 
In this case the volume of iodide used is the same as the percentage of 
available chlorine in the sample. 

Remar'k. — Pontius recommends standardizing the potassium iodide solution as 
follows: Titrate 50 ml of the chloride of lime suspension as above and another 
portion with 0.1 A arsenite solution by the preceding method of Penot. 


Ill PRECIPITATION ANALYSES 
1. Determination of Silver. Method of Gay-Lussac 

This exceedingly accurate determination, which is extensively used 
for testing silver alloys, depends upon the precipitation of silver chloride 
from nitric acid solution. Common salt is used as the precipitant. 

Solutions Required. 1. Sodium Chloride Solution of Known Concentration. — • 
For convenience, it is customary to make the solution of such a strength that 1000 
ml correspond to exactly 5 g of silver. To help in getting the end point, however, 
0.1 per cent less than the theoretical quantity is used. Weigh out 2.710 g of chem- 
ically pure salt, dissolve in distilled water, and dilute to 1 1 at 20°. 

2. Decimal Solution of Sodium Chloride. — Dilute 100 ml of the above solution 
with distilled water to 1 1. 

In laboratories where silver determinations are frequently made, the above solu- 
tions are made up in much larger quantities and kept in bottles similar to the one 
shown in Pig. 109, p. 501. For the stronger solution use a 100-ml pipet and connect 
the decimal solution with a buret. 

Standardization of the Sodium Chloride Solution. — Weigh out exactly 
0.5 g of chemically pure silver into a 200-ml flask provided with a 
well-ground glass stopper, and dissolve in 10 ml of 6 A nitric acid, 
free from chlorine. Hasten the dissolving by heating on a sand-bath. 
When the silver has dissolved, heat the solution to boiling to expel 
the nitrous acid formed. Remove the brown vapors by blowing air 
into the flask. As soon as no more of these are formed, remove the 
flask from the sand-bath and allow to cool. To the silver solution add 
exactly 100 ml of the stronger salt solution, stopper the flask, and 
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vigorously shake until the precipitated silver chloride collects together, 
and the supernatant liquid appears clear. 

As the salt solution was made up a little weak, the precipitation of 
the silver is not quite complete and consequently more sodium chloride 
must be added. For this purpose add half a milliliter of the decimal 
salt solution from the buret, so that the solution runs down the sides^' 
of the flask upon the surface of the liquid, causing a distinct cloud of 
silver chloride to be formed. Shake the liquid, allow the precipitate 
to settle, again treat with half a milliliter of the decimal salt sohiiioii, 
and repeat the process until finally the addition of the salt solution fails 
to produce any further turbidity; the last half cubic centimeter is not 
used in the calculation. 

Example. — 0.5 g of diemieally pure silver qyjj fine' required 100 ml of the 
standard salt solution 4- 1 nil of the de!*imal solution, i.c., 100. 1 mi of the salt 
solution correspond to 1000 sOver;* this is the value of the salt solution. 

Silver Determination. — To obtain absolutely accurate results it k. 
necessary to employ the same amount of silver for the analysis as was 
used in the standardization of the solution; consequently the approxi- 
mate amount of silver present in the alloy must be determined. This 
can be accomplished by cupellation, or volumetrically bv" the method 
of Voihard, described further on. 

Example. — It was found by cupellation that an alloy contained about fine 
silver; for the titration an amount must be taken which will contain 0.5 g of silver; 
we have then, 1 : 0.8 = x : 0.5, x == 0.625 g. 

Weigh out, therefore, 0.625 g ( = 1250t) of the alloy and proceed exactly 
the standardization. 


For the precipitation of the silver, 1250 parts of alloy require 100 ml of 
the standard salt solution + 3 ml of the decimal solution, i.e., 1250 parts 
of the aUoy require 100.3 ml of the standard salt solution. Since 
100. 1 ml of this salt solution correspond to 1000 parts of pure silver. 


there must be 


1000 X 100.3 
100.1 


aUoy; 


so that in 1000 parts of the alloy there mR be 


1002 X 1000 
1250 


8Q1M 


parts of-silver. 

This procedure is designated as the French method in contrast to 
the German or Dutch method. In the latter case, 0.5 g of the alloy 
( = 100) is weighed out and the same amount of silver is added which 

* For convenience in calculation, 0.5 g of pure silver is designated by 1000, 0.25 g 
by 500, and 0.1 g by 250, etc. 

t If 0.5 g = 1000, then 0.5 : 1000 = 0.625 : x; x ^ 1250. 
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the alloy lacks in fineness. In this way one more weighing is necessary, 
but the calculation is somewhat simpler. 

Example. — By cupellation an alloy is found to contain silver. In order 
to make the silver equal 1000, 200 parts of fine silver must be added. For the 
analysis, therefore, 0.5 g of the alloy and 0.1 g of pure silver ( = 200) are taken, 
dissolved in nitric acid, and titrated vnth. sodium chloride. 


2. Determination of Silver. Method of Volhard 
1 1 of 0.1 N KCNS = '^ = 10.79 g Ag 

If to a silver solution containing ferric-ammonium alum, free from 
chloride but containing enough nitric acid to discharge the brown 
color of the iron salt, a solution of alkali thiocyanate is added, white 
insoluble silver thiocyanate is precipitated: 

AgNOs + KCNS = KNOs + AgCNS 

When all the Bilver is precipitated, the next drop of the thiocyanate 
solution wiU cause a permanent red coloration due to the formation of 
ferric thiocyanate. 

Requirements. 1. Tenth-norinal Potassium (or Ammonium) Thiocyanate Solution. 
— As both these salts are hygroscopic and cannot be dried without decomposition, 
an exactly tenth-normal solution cannot be prepared by weighing out the solid salt. 
Dissolve approximately the right amount (about 10 g KCNS or 9 g NH^CNS) in a 
liter of water. 

Ferric-ammonium Alum Solution. — A cold, saturated solution of ferric alum 
to which enough nitric acid is added to cause the disappearance of the brown color. 
Use about 3.5 g of the alum, 10 ml of water, and 2 ml of 6 iV HNO 3 . Of this in- 
dicator use the same amount for all titrations, about 2-3 ml for 100 ml of the silver 
solution. 


Standardization of Thiocyanate Solution 

Weigh out portions of about 0.4 g of pure silver nitrate and dissolve 
in 100 ml of 0.3 W nitric acid. Add 5 ml of indicator solution and 
"titrate with thiocyanate solution to a permanent red tinge in the solu- 
tion. Or dissolve 0.25-g portions of pure silver in 15 ml of 6 W nitric 
acid. Dilute to about 25 ml, boil till all nitrous fumes are expelled, add 
75 ml of cold water and 5 ml of indicator solution, and titrate with thio- 
;cyanate. 


Determination of Silver in Silver Alloys 

Dissolve 0.5 g of the brightly polished metal in 10 ml of B AT nitric 
acid. After the silver has dissolved, dilute with 50 ml of water and 
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boil to expel nitrous fumes.* Cooly add 2-3 ml of the ferric alum solu- 
tion, and titrate with the thiocyanate solution as in the standardization. 
The presence of metals whose salts are colorless does not influence the 
accuracy of this determination, except that mercury must be absent 
because its thiocyanates are insoluble. Xickel and cobalt must not 
be present to any extent, because their salts are colored, and not more 
than 60 per cent of copper in an alloy is permissible. If more copper 
is present the following procedure must be used: Precipitate the silver 
by means of an excess of alkali thiocyanate, wash completely with water, 
place the funnel over an Erlenmeyer flask, break the apex of the filter, 
wash its contents into a flask l)y means of concentrated nitric acid, 
and heat the liquid to gentle boiling for three-quarters of an hour. 
As the sulfuric acid formed will have some influence upon the subse- 
quent titration, dilute the solution with water to about 100 ml, and add 
a concentrated barium nitrate solution, drop by drop, until all the sul- 
furic acid is precipitated. Then titrate the silver with thiocyanate 
solution without filtering ofi the barium sulfate. 

3. Determination of Mercury 

Ylercuric thiocyanate, like silver thiocj'anate, is so insoluble that the 
nitrate or sulfate solution can be titrated with standard thiocyanate 
solution using ferric alum as indicator. The method fails, how’ever, 
when chloride is present because mercuric chloride is so slightly ionized 
that it does not react completely. This constitutes the principal 
reason why the method is not used in preference to other methods, 
because hydrochloric acid is commonly used in dissolving the sample 
and the complete removal of chloride without volatilization of any 
mercuric chloride is difficult. The titration gives excellent results in a 
nitrate or sulfate solution and can be carried out in the presence of lead, 
copper, bismuth, cadmium, tin, arsenic, antimony, thallium, iron, zinc, 
manganese, nickel, and cobalt. Mercurous salt, silver, and nitrous acid 
should be absent. 

Procedure. — To the solution containing 0.05 to 0,3 g of mercury as 
sulfate or nitrate in a volume of about 100 mi, add nitric or sulfuric 
acid sufficient to make the solution about 1.5 in acid and, to make 
sure of the absence of nitrous acid or mercurous iron, add 5 per cent 
permanganate solution dropwise until a red color is produced, or a 
manganese dioxide precipitate is formed, which persists for 5 minutes. 
Destroy the excess permanganate, or dissolve the precipitate, by the 

* Nitrous acid reacts with thiocyanic acid, forming a red compound which may 
easily be mistaken for ferric thioc^^anate. 
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addition of a very little ferrous sulfate or some hydrogen peroxide. Ti- 
trate as described for the determination of silver but, as the color of ferric 
thiocyanate is noticeable before the end of the titration and disappears 
very slowly at the last, make sure that the solution is not under-titrated 
and that a distinct red color persists after vigorous shaking or stirring. 

Prepare the standard solution of thiocyanate and the indicator 
solution of ferric alum as described under the determination of silver. 
It is best, however, to standardize the solution of thiocyanate by direct 
titration against 0.25-0.30 g mercury that has been dissolved in hot 
6JV nitric acid and titrated under the conditions outlined above. 

4. Determination of Chloride 

(a) Volhard^s Method 
Cl 

1 1 of 0.1 V AgNOs solution = Jq = 3.546 g chlorine 

According to Volhard’s original directions, the chloride solution was 
treated with 0.1 iV silver nitrate solution and then, without filtering 
off the precipitate, 5 ml of the ferric-ammonium alum solution were 
added and the excess of silver titrated with 0.1 A' potassium or am- 
monium thiocyanate (see p. 653). 

The results are satisfactory with large quantities of chloride, but in 
the titration of small quantities of chloride too high results are obtained, 
as was first shown by G. Drechsel* and later confirmed by M. A. Rosa- 
noff and A. E. HiU.f Drechsel showed that it was impossible to get 
the true end point of the reaction, as the red coloration gradually dis- 
appeared on stirring, remaining permanent only after a considerable 
excess of thiocyanate had been added. The reason for this is that 
silver chloride is more soluble than silver thiocyanate. Thus the pre- 
cipitate gradually reacts with the red ferric thiocyanate, as follows: 

3 AgCl + Fe(CNS)3 = 3 AgCNS + FeCl3 

To avoid this error Drechsel proceeds as follows: 

To the chloride solution in a 200-ml measuring-flask, add an excess 
of 0.1 iV AgNOs solution, make the solution acid with nitric acid, and 
shake the stoppered flask until the precipitate coagulates enough to 
give a clear supernatant liquid. Dilute the solution to the mark, thor- 
oughly mix, and filter through a dry filter, rejecting the first 10 ml of 
fiJltrate. Of the filtrate, take 50 or 100 ml, add the ferric alum indi- 
cator, and titrate the excess of silver with 0.1 A" thiocya;p,te solution. 
The results thus obtained are excellent. 

* Z. anal. Chem., 16, 351 (187|). 

t J. Am. Chem. Sac., 29, 269. 
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Remark. — V. Rothmund and A. Burir.staller* found that it is possible to obtain 
correct results witliout lliteriiig uff the silver chloride precipitate. They heated the 
solution after the addition of the excess of silver nitrate, until the precipitate coagu- 
lated thoroughly, in v.iiich lorin it reacted less readily with a si^luble thiocyanate. 
After cooling, the ferric alum indicator was added and the titration finished. Roth- 
mund and Burgstaller also found that the coagulation of the silver chloride precipi- 
tate by etherf sufficed to make the filtration unnecessary. The chloride solution 
is placed in a ilask vclth tightly fitting glass stopjDer, 5 mi of ether added, and an 
excess of silver rdtrate solution. .-Vfter shaking a few minutes, the supernatant 
solution becomes clear and the titration can be finished with accuracy. 

Adsorption Indicators. — Fajans and his collaboratorsi have shown that silver 
halide precipitates, owing to their colloidal properties, tend to adsorb excess Ag*^ 
or excess halogen ions from the solution with which they are in contact. The 
adsorbed Ag^ has the property of dragging down with it the anions of certain organic 
liyestulis, which are of a feebly acidic nature, and a change of color takes place as 
a result of the adsi^rption. Thus fluorescein in aqueous solution has a rose color. 
When silver chloride is formed in the presence of a very slight excess of Ag+ the 
anion of fluorescein is adsorbed and there is a change of color to reddish violet. If 
a very little of the indicator is present, the silver chloride precipitate assumes a 
reddish tint as soon as there is a very slight excess of Ag^ present. 

In the titration of Cl~ with Ag good results are thus obtained in neutral solutions 
with fluorescein as indicator. To prepare the indicator solution, dissolve 0.2 g of 
tlie sodium salt of fluorescein in 100 ml of water or dissolve 0.2 g of fluorescein itself 
in 100 mi of alcohol. Use about 2 drops of indicator solution for each 10 ml of 0.1 N 
chloride solution to be titrated with 0.1 A' silver nitrate solution. The results are 
accurate, even in the presence of considerable quantities of alkali cations, provided 
the chloride solution is at least 0.005 A" in halogen ions. Alkaline-earth cations inter- 
fere somewhat. 

Bromides, iodides, and thiocyanates can be titrated in dilute solutions, even in the 
presence of dilute nitric acid, wffien eosin is chosen as the indicator. Two drops of 
the 0.5 per cent aqueous solution should be used for each 10 mi of 0.1 N halide to be 
titrated. The silver halide precipitate becomes red colored at the end point. Eosin 
cannot be used for the titration of chlorides with silver nitrate because the eosin is 
adsorbed and eoloiis the silver chloride precipitate before the end point is reached. 
Fluorescein, on the other hand, can be used with chlorides, bromides, iodides, or 
thiocyanates. 

In the titration of silver solutions, there are two ways in which an adsorption 
indicator can be used. An excess of standard halide solution can be added and the 
excess titrated with standard silver nitrate solution using fluorescein or eosin as 
indicator or a slightly basic indicator can be used such as ^‘rhodamine 6 G.’' In this 
case the cations of the indicator are adsorbed by the precipitate as soon as a slight 
excess of Br~ has been added and a color change takes place ^fith the precipitate 
assuming a bluish violet hue. Nitric acid can be present during this titration with 
the basic indicator provided the concentration is not over 0.5 N in acid. 

A number of other organic dyestuffs can be used as adsorption indicators. Thus 

=*= Z. anarg. Chem., 63 , 333 (1909). 

. t Cf, E. Alefeld, Z. anal Chem., 48, 79 (1909), 

t Z. physik. Chem., 97, 478 (1921); 105 , 255 (1923); Z. Elecirochem., 29 , 495 (1923); 
Naturwiss, 11 , 165 (1923); Z. anorg. aUgem, Chem., 137 , 221 (1924). 
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Kolthoff* reports good results with ^‘tropeolin yellow 00,” ^^bromophenol blue,” and 
^'metanil yellow” in titrating dilute chloride solution with 0.1 N silver nitrate. 


(b) Ft. MohFs Method 

If the neutral solution of an alkali or alkali-earth chloride containing 
a few drops of potassium chromate solution is treated with silver nitrate 
solution, added from a buret, a red precipitate of silver chromate is 
formed which, on stirring, disappears on account of its being decom- 
posed by the alkali chloride to silver chloride and alkali chromate: 

Ag 2 Cr 04 + 2 NaCl - 2 AgCl + Na 2 Cr 04 

When all the chlorine is changed to insoluble silver chloride, the 
next drop of the silver solution will impart a permanent reddish color 
to the liquid. For small amounts of chloride in concentrated solutions 
this method gives very sharp results. If, however, the volume of the 
solution is too large, the results are not very accurate. A blank experi- 
ment must always be made to see how much of the silver solution is 
necessary to produce the red shade used in the titration when no chloride 
is present, and this amount must be deducted from that used in the 
analysis. 

Remark. — If it is desired to titrate free hydrochloric acid, first neutralize the 
solution. With colorless chlorides having an acid reaction (AlCls), treat the solution 
with an excess of neutral sodium acetate solution and then titrate. With colored 
metal chlorides, precipitate the metal with caustic potash or sodium carbonate, 
filter, wash the precipitate, make the filtrate acid with acetic acid, and then titrate. 


5. Determination of Bromide 

(а) Volhard^s Method 

1 1 of 0.1 V AgNOs solution = ^ = 7.992 g bromine 

Treat the solution of the bromide with an excess of 0.1 N silver 
solution and titrate with ammonium thiocyanate, using ferric alum as 
indicator. From the required volume of silver nitrate, compute the 
quantity of bromine. 

Remark. — It is not necessary to filter off the silver bromide, because, unlike the 
chloride, silver bromide is more insoluble than is silver thiocyanate. 

(б) Ft. MohFs Method 

The procedure is the same as in the case of the chloride determination. 

* Z. anal. Chem., 71, 235 (1927). 
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6. Determination of Iodide 
Volhard's Method 

1 I uf 0.1 .V AgXOs Sfilution — ^ — 12.69 g iodine 

If silver iodide is produced in a solution of an iodide by the addition 
of sliver nitrate, the precipitate will usually enclose a measurable 
amount of either the soluble iodide or the silver nitrate, so that the 
analysis cannot be accomplished in the same way as in the analysis 
of chlorides and bromides. 

Place the solution in a glass-stoppered flask, dilute to 200-300 mi, 
and add the silver solution with vigorous shaking until the yellow pre- 
cipitate collects together and the supernatant liquid appears colorless. 
As long as the solution appears milky the precipitation is not complete. 
Finally add a little more silver nitrate and again shake to precipitate 
any iodide in the pores of the silver iodide. Then add ferric alum solu- 
tion, titrate the excess of silver with potassium thiocyanate, and cal- 
culate the iodine from the amount of silver used. In this way Yolhard 
obtained exact results. 

The ferric solution must not be added before the iodine is completely 
precipitated, because in acid solution it oxidizes the hydriodic acid with 
separation of iodine. Silver iodide, however, is without action on ferric 
salts. 


7, Determination of Cyanide. Method of Liebig 

1 1 of 0.1 .Y AgXOs solution = = 13.02 g KCX 

On adding silver nitrate solution, drop by drop, to a neutral or alkaline 
solution of an alkali cyanide, a white precipitate is formed wFen the 
two liquids first come in contact with one another, but on stirring it 
redissolves owing to the formation of potassium silver cyanide: 

AgCN + KCN = KAg(GN)2 

As soon as all the cyanogen is transformed into potassium silver 
cyanide, the next drop of the silver solution will produce a permanent 
turbidity: 

EAg(CN)2 + AgNOs = KNO3 + 2 AgCN 

The total reaction is, therefore, 

2 KCN + AgNOs = KNO3 + KAg(CN)2 

1 Ag corresponds to 2 CN, and the end point of the reaction is shown 
by the formation of a permanent precipitate. 
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Prepare the alkali cyanide solution in a beaker, add a little potassium 
hydroxide, and dilute to a volume of about 
100 ml. Place the beaker on a piece of black 
glazed paper and titrate with constant stirring 

^ , — 371 the turbidity is obtained. 

I For the analysis of free hydrocyanic acid, 
add an excess of potassium hydroxide solution 
and treat as above. 

The addition of 5 ml of 2 per cent potas- 
sium iodide solution slightly increases the 
sharpness of the end point in the above 
Fig. 123. analysis. The precipitate then consists of 

silver iodide of which 1 molecule will dissolve 
in 2 molecules of potassium cyanide, just as silver nitrate does. 


“V 


Remark. — For the sharp recognition of the end point in this and all other reactions 
where there is a turbidity, W. D. Treadwell recommends the following arrangement. 

The apparatus, Fig. 123, consists of a wooden box in which an incandescent lamp 
with frosted bowl is placed. Directly over this light are two round holes in the 
top of the box over which beakers can be placed. Water-bath rings can be used 
to fit different beakers. The glass plate G is used to prevent heating the beakers by 
the rays from the lamp. To detect a turbidity, place the beaker over the hole, 
light the lamp, and view horizontally in a dark or dimly lighted room. 


8, Determination of Chloride and Cyanide in the Presence 
of One Another 

First, determine the cyanide by the method of Liebig, and then add 
enough silver solution to convert all the cyanide and chloride into their 
silver salts. Make the solution acid with nitric acid, dilute vdth water 
to a definite volume, filter through a dry filter, and after rejecting the 
first runnings, use an aliquot part of the filtrate for the titration of the 
excess of silver by means of potassium thiocyanate, according to Volhard. 
The calculation of the cyanogen and chlorine is illustrated by the 
following example: 

Ten millihters of the solution required for the production of a per- 
manent turbidity t milliliters of 0.1 iV silver solution. Then an excess 
of 0.1 iV silver solution was added (bringing the total amount used to 
T milliliters). The solution was acidified with nitric acid, diluted to 
exactly 200 ml, filtered through a dry filter, and after the usual rejection 
of the first runnings the excess of the silver was titrated in 100 ml of the 
filtrate; this required h milliliters of 0.1 AT potassium thiocyanate solu- 
tion. Consequently the amount of cyanogen present is t X 0.005202 g, 
and the chlorine present amounts to [T — 2(^ -f- ^l)] 0.003546 g. 
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9. Detemmiatioii of Potassium Cyanide in the Presence of Ferro- 
cyanide. Method of W. D. Treadwell* 

In this determination the use of potassium iodide is necessary because 
of the appreciable solubility of silver c^'anide in alkali ferrocyanide 
solution. 

Procedure. — To one aliquot part of the solution add 0.1 g of potas- 
sium iodide, 2-3 mi of 0.1. V caustic alkali solution or animonium 
ht'droxide, and titrate in a volume of about 100 ml with 0.1. V silver 
solution till a turbidity forms. This gives the KCX content. 

To determine the ferrocyanide, remove the cyanide bj" heating 
another aliquot part of the original solution under a good hood while 
introducing a stream of carbon dioxide. This requires about 30 minutes. 
Then titrate the ferroc 3 "anide according to the directions on p. 573. 

10. Determination of Thiocyanic Acid. Volhard^s Method 

TjpVq 

1 1 of 0.1 A" AgXOs solution = = 5.907 g HCXS 

This is the reverse of the silver determination (p. 652). Add an 
excess of 0.1 N silver solution to the solution containing the thioc^’-anate, 
and titrate the excess of silver with potassium thiocj^anate solution, 
using ferric alum as indicator. 

11. Determination of Thiocyanic and Hydrocyanic Acids in the 

Presence of One Another 

Add enough potassium hydroxide to make the solution neutral, 
dilute to about 100 ml, and titrate the cy^anogen by the method of 
Liebig (p. 657). Then, add an excess of silver solution, make acid with 
nitric acid, and titrate the excess of sUver wnth potassium thiocyanate 
in an aliquot part of the filtrate. 

12. Determination of Chloride, Cyanide, and Thiocyanate in the 

Presence of One Another 

In one portion determine the cyanide according to Liebig. To a 
second portion add an excess of 0.1. V silver solution, make acid with 
nitric acid, filter, wash the precipitate with water, and titrate the excess 
of silver in the filtrate according to Volhard. Pierce the filter contain- 
ing the precipitate and transfer the latter by means of concentrated 
nitric acid to a flask and boil for three-quarters of an hour. By this 


Z. anorg. Chem., 71, 219 (1911). 
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means the cyanide and thiocyanate of silver go into solution, while the 
silver chloride remains undissolved. Dilute the solution to about 100 
ml, add enough barium nitrate to precipitate the sulfuric acid formed, 
and titrate the silver corresponding to the cyanide and thiocyanate with 
potassium thiocyanate without filtering off the silver chloride or barium 
sulfate. 

Computation, — If t milliliters of 0.1 iV AgNOs were used in the first 
titration, then 2 t milliliters would be needed to precipitate all the 
cyanide. If T milliliters of 0.1 iV AgNOs were required to precipitate 
all the cyanide, thiocyanate, and chloride, and h milliliters of O.liV' 
KCNS were used in the last titration, then 

t X 0.005202 = g CN or ^ X 0.01302 - g KCN 

01 - 2 t)X 0.005808 = g CNS or 0i - 2 t)X 0.009718 -g KCNS 

(T - ^i) X 0.003546 g = Cl or (T - h) X 0.007456 = g KCl 

13. Determination of Sulfuric Acid by Benzidine Hydrochloride* 

1 1 of 0.1 AT NaOH = 5^' = 4.904 g H2SO4 

Benzidine, Ci2H8(NH2)2, is a weak organic base. It forms stable salts with strong 
mineral acids, of which the sulfate is characterized by its slight solubility, particu- 
larly in water containing hydrochloric acid. The base itself is neutral tow’ard phe- 
nolphthalein. On account of being such a -weak base, therefore, the aqueous solutions 
of its salts undergo hydrolysis. Thus benzidine hydrochloride is decomposed ac- 
cording to the equation: 

Ci2H8(NH2)2*2HCi + 2 HoO 2 HCl + Ci2H8(NH2)2(HOH)2 
into hydrochloric acid and benzidine hydroxide, and the latter breaks down further 
into benzidine and water: 

Ci2Hs(NH2)2(HOH)2 Ci2H8(NH2)o + 2 H 2O 
In other words, an aqueous solution of benzidine hydrochloride behaves like a mix- 
ture of hydrochloric acid and benzidine, and the amount of acid present may be 
titrated with alkali, using phenolphthalein as an indicator. 

There are two methods which have been used for the volumetric estimation of 
sulfuric acid by means of benzidine. MiiUer treated the neutral solution of the 
sulfate with a solution of benzidine hydrochloride of known acidity. 

Ci 2H8(NH2)2-2HC1 4- Na2S04 = 2NaCl 4- Ci 2 Hs(NH 2)2*H2S04 

Insoluble 

The precipitate of benzidine sulfate was filtered off and the filtrate titrated with a 
standard solution of alkali. The loss in acidity corresponded to the amount of 
sulfuric acid present, Raschig, on the other hand, recommends treating the neutral 
or acid solution of the sulfate with benzidine hydrochloride solution, filtering off 
the precipitated benzidine sulfate, washing it, and then suspending it in water and 
titrating the sulfuric acid with 0.1 AT sodium hydroxide at 50° 

* W. Muller, Ber., 36 , 1587 (1902); Muller and Diirkes, Z. anal. Chem., 42 , 477 
(1903); F. Raschig, Z. angew. Chem., 1903 , 617 and 818; von Knorre, Chem. Ind.y 
28 , 2; and Friedheim and Nydegger, Z. angew. Chem., 1907 , 9. 
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Rascl'iig prepares tiie reagent as follows: Triturate -10 g of henzidine with 40 ml 
of water and rinse the paste into a liter nieasurliig-tiask with about 750 ml of water. 
Add 50 mi of eonoentruted Imlroohlorie aeid and dilute to the mtirk. rfiiake well. 
Soon tile benzidine will all dissolve, hjrming a brown solution wiiieh ma\' be filtered 
if necessary. When using as a reagent, dilute with 19 times as much water. 

Procedure. — To the neutral or slightly acid solution of the sulfate, 
containing nor more than 0.1 g of sulfate anions per 50 ml of solution, 
add the diluted benzidine solution in the cold, using 150 mi for each 
0.1 g of sulfate ions. A crystalline precipitate of benzidine sulfate 
forms at once, which can be filtered as follows after standing 5 minutes. 

Place a Witt perforated porcelain plate in a funnel of 200-ml capacity. 
The diameter of the plate should be about 40 mm on the top. Place 
2 pieces of filter paper on this plate, about 46 mm in diameter. Insert 
the funnel in a rubber stopper and place in a suction bottle. 'Moisten 
the filters with w’ater, apply gentle suction, and press the papers to the 
sides of the funnel so that a tight pad is formed of about 3-mm depth, 
which will not allow precipitate to get by'. Pour the supernatant 
liquid through this filter, rinse the precipitate and mother-liquor into 
the funnel, and drain. Wash with 15 ml of w\ater added in small por- 
tions. Place the precipitate and filter, without the porcelain plate, in 
an Erlenmeyer flask, add 50 ml of w'ater, and shake the contents of the 
stoppered flask until a homogeneous paste is obtained. Remove the 
rubber stopper from the flask, rinse off with w'ater, add a drop of phenol- 
phthalein solution, heat to about 50*^, and titrate with 0.1 .V sodium 
hydroxide. When the end point is nearly reached, boil the liquid for 
5 minutes, and then finish the titration. 

Remark. — This method does not give good results in the presence of ferric salts, 
but this difficulty can be overcome hj reducing the ferric ion with hydrazine hydro- 
chloride. Not more than 10 moles of HCl, 15 moles HXOs, 20 moles HC 2 H 3 O 2 , 
5 moles alkali salt, or 2 moles ferric iron should be present to 1 mole of H 2 SO 4 . A 
satisfactory determination of the sulfur in pyrite may be made by' dissolving 0.5 g 
of the sample according to the Lunge method (see P\Tite'), evaporating off the nitric 
acid, taking up the residue in a little hydrochloric acid, diluting to 500 ml and using 
100 ml for the treatment with benzidine hydrochloride. 


14. Determination of Sulfuric Acid by Hinman’s Method* 


1 1 of 0.1 


H 2 SO 4 _ 9S.0S 
30 30 


3.269 g H 0 SO 4 


This method depends upon the fact that barium chromate is easily dissolved by 
dilute hydrochloric acid w'hereas barium sulfate is not; 1 1 of cold w'ater dissolves 
about 2 mg of BaS 04 and 3 mg of BaCr 04 , but the latter salt dissolves easily in 


* Am. J. Sci. and Arts, 114, 478 (1877). Cf. Andrews, Am. Chem. J., 2, 567; 
Pennock and Morton, J. Am. Chem. Soc., 1903, 2265; Bruhns, Z. anal. Chem., 45, 
573 (1906); HoUiger, lUd., 19, 84 (1910), and M. Eeuter, Chem. Ztg., 1898, 357. 
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acid because HCr 04 '” as an acid is comparable to H 2 CO 3 . If a solution of barium 
chromate in dilute hydrochloric acid is added in slight excess to a solution con- 
taming SO4 ions, BaSO.! is precipitated; then upon neutralizing the solution 
the remainder of the barium is precipitated as BaCr0.i, leaving 1 mole of Cr 04 
in solution for each mole of SO 4 originally present. After filtering, the dissolved 
cliromium can be determined iodometrically (p. 619). 

The method is rapid and capable of giving theoretical values in the analysis of 
sulfates containing less than 5 per cent of SO 3 . By slightly varying the conditions, 
however, the results are influenced and the most favorable conditions are not always 
the same for different sulfates. The method, therefore, is suitable for routine work, 
but is not theoretically perfect.* 

The results are likely to be high — (1) If the barium chromate contains any 
water-soluble chromate. Since the solubility of barium chromate in hot water is 
appreciable there will always be a positive error from this source, if the solution is 
filtered hot. 

The results will be low — (1) If there is any reduction of chromate other than 
the desired reduction with iodide; this may be caused by the presence of too much 
hydrochloric acid during the first precipitation. (2) If any other chromate is pre- 
cipitated with the barium chromate, such as basic ferric chromate. (3) If the solu- 
tion is not acid enough during the treatment mth iodide the reduction of the chro- 
mate is likely to be incomplete. (4) If the solution is hot, or contains an insufficient 
amount of iodide there is likely to be some loss of the iodine. 

Prepare the barium chromate reagent by precipitating barium chloride with 
potassium chromate at the boiling temperature. Wash the precipitate with hot, 
dilute acetic acid and then with water till free from chromate. Dissolve 2-4 g of 
the dry salt in 1 1 of normal hydrochloric acid. One milliliter should precipitate 
0.63 mg to 1.2 mg of SO3. 

Procedure. — If the solution of the sulfate is acid, nearly neutralize 
it with caustic alkali solution. Dilute with water until not more than 
about 5 mg of SO 3 is present in 100 ml. Heat to boiling and slowly 
add a slight excess of the barium chromate reagent. Boil for 1 minute, 
or for 5 minutes if any carbonate was present. 

To the boiling solution cautiously add pure CaCOs in small portions 
until present in slight excess (use amnionia if iron, nickel, or zinc is 
present). Cool to room temperature and bring to a definite volume 
in a 250-ml measuring-flask. Filter through a dry filter, reject the 
first 20 ml, and take 100 ml of the filtrate for the titration. 

Add 2-3 g of potassium iodide and 10 ml of concentrated hydro- 
chloric acid. Shake well and allow to stand 15 minutes. Then titrate 
slowly with 0.02 AT sodium thiosulfate solution. 

Remark. — When iron, nickel or zinc salts are contained in the solution, the acid 
present cannot be neutralized with calcium carbonate, because these salts when 

* In some cases it is simplest to apply a correction factor. Thus Komarowsky 
Chem. Ztg., 31 , 498 (1907) deducts 0.3 ml from the final buret reading. J. Lurie, 
at the Mass. Inst. Tech., was able to modify the directions so that correct results 
could be obtained with several sulfates. 
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buiied with vahAum riirijoiiate and a scjiuble chromate form iasolubie basic chromates, 
so xlvdt TOO little chromic acid will be found in the filtrate eorresponding to too little 
sulfuric acid. In such a case the neutralization is effected with ammonia, an excess 
being added, the solution is boiled until the excess is almost entirely expelled and is 
then filtered. 

15. Determijiation of Phosphoric Acid. Method of Pincus 

Prikciplt. — If a neutral solution, or one slightly acid with acetic acid, is treated 
with uranyl acetate, a greenish white precipitate of uranyl phosphate is formed: 

KH,P04 t UOg C.HAh 2 = KC‘MA + HC 2 H 5 O 2 4- n0,HP04 

If at the same time ammonium salts are present, ammonium is contained in the 
precipitate: 

KH,P 04 -r 4- = 

KaHsO^ T- 2 HC 2 H 3 O 2 ■ 

The end of the precipitation can be determined by testing a drop of the solution 
on a porcelain tile with potassium ferrocyanide, A brown coloration is formed as 
soon as an excess of uranyl salt has been added. 

To precipitate the phosphoric acid completely, it is necessary to titrate in a boiling- 
hot solution. However, as a solution of calcium phosphate will become turbid on 
boiling, owing to the formation of secondary calcium phosphate (CaHP 04 ), it is 
best to precipitate the greater part of the phosphoric acid in the cold, then heat to 
boiling and complete the titration. 

Rcquiremeriis. 1. Potaiisiuni Phosphate Solution. — Dissolve 19.17 g (correspond- 
ing to 10 g P 2 O 5 ) of pure, monopotassium phosphate in 1 1 of water. 

Confirm the concentration of the solution by evaporating 50 ml to dryness in 
a large platinum crucible, igniting the residue over the full flame of a Bunsen burner 
and weighing as KPO 3 ; also by precipitating another portion as magnesium ammo- 
nium phosphate and weighing as magnesium pyrophosphate. 

Fifty milliliters of the solution correspond to 0.5 g P 2 O 5 and should yield 0.8315 g 
KPO 3 and 0.7S39 g Mg 2 P 207 . 

2. Calcium Phosphate Solution. — Di^lve 5.461 g of Ca 3 (P 04 ) 2 , corresponding 
to 2.5 g P 2 O 6 , in a little nitric acid, dilute with water to a volume of 1 1, and test the 
concentration of the solution by means of the molybdate method (p. 391). 

3. Uranyl Acetate Solution. — Dissolve about 35 g of uranyl acetate in a liter 
of water. 

4. Ammonium Acetate Solution. — Dissolve 100 g of pure ammonium acetate and 
100 ml of 6 N acetic acid, in enough wmier to make 1 1 of solution. 

5. Potassium Ferrocyanide. — The salt is used in the powdered form. 

Procedure 

(a) Standardization of the Uranium Solution 

To 50 ml of the potassium phosphate, or calcium phosphate, solution 
add 10 ml of the ammonium acetate solution; run in the uranyl acetate 
solution from a buret until a drop of the solution will show a brown 
coloration when treated with solid potassium ferrocyanide upon a 
white porcelain tile. Then heat the solution to boiling, when a drop of 
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it will no longer react with the ferrocyanide. To the hot solution add 
more of the uranium solution, until the brown color is obtained once more. 

If for the precipitation of the phosphoric acid contained in 50 mi of 

the potassium phosphate solution (0.5 g P2O5), T milhliters of the 

0 5 

uranium solution were required, its concentration is grams P2O5 per 
milliliter. 

For the analysis of alkali phosphates, standardize the solution against 
the potassium phosphate solution, but for the analysis of an alkaline- 
earth phosphate use the solution of calcium phosphate. 

(h) Determination of Phosphoric Acid in Alkali Phosphate 

The solution to be analyzed should be of about the same concentra- 
tion as that of the potassium phosphate used for the standardization, 
and titrated in the same way. Phosphate solutions of different concen- 
trations give different results by the titration. 

(c) Determination of Phosphoric Acid in Calcium Phosphate 

Dissolve 0.25 g of calcium phosphate in dilute nitric acid, add am- 
monia until a permanent precipitate is produced, and redissolve this 
in a little acetic acid. Add 10 ml of the ammonium acetate solution, 
and titrate the solution with the standard solution of uranyl acetate. 

Remark. — In the presence of iron and aluminum this method will not give 
accurate results because the phosphates of these metals are insoluble in acetic acid. 
In such cases, filter the turbid acetic acid solution and determine the phosphoric 
acid in the filtrate by the above titration. Ignite the precipitate consisting of iron 
and aluminum phosphates, weigh, and, if it amounts to less than 0.01 g, assume half 
its weight to be PoOsj otherwise determine the phosphoric acid in the precipitate by 
the molybdate method. 

16. Determination of Nickel by Potassium Cyanide* 

This method, which permits the volumetric estimation of nickel with 
speed and accuracy even in the presence of iron, manganese, chromium, 
zinc, vanadium, molybdenum, and tungsten, depends upon the fact 
that nickel ions react with potassium cyanide in slightly ammoniacal 
solution, to form a complex anion [Ni(CN) 4 ]~~, 

Ni(NH3)6Cl2 + 4 KCN = K2[Ni(CN)4] + 6 NHs + 2 KCl 

* Cf. Campbell and Andrews, J. Am. Chem. Soc., 17 , 126 (1895); Moore, Chem. 
News, 72 , 92 (1895); Goutal, Z. angew. Chem., 1898 , 177; Brearley and Jarvis, 
Chem. News, 78 , 177 and 190 ^898); Johnson, J. Am. Chem. Soc., 29 , 1201 (1907); 
Campbell and Arthur, ibid., 30 , 1116 (1908); and Grossmann, Chem. Ztg., 32 , 1223 
(1908). 
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If the solution of the nickei salt contains a precipitate of silver iodide, 
produced by adding a known amount of silver nitrate and a few drops 
of potassium iodide solution, the turbidity will not disappear until all 
the nickel has entered into reaction with the potassium cyanide. 

Agl 4- 2 KCX = K[Ag(CN)2] + KI 


The titration is finished by adding just enough more silver nitrate to 
cause the precipitate of silver iodide to reappear. 


Requirements. — 1. A nickel solution of known content. Dissolve 10 g of pure 
nickel in 125 ml of 6 nitric acid, boil oS the nitrous fumes, and dilute with water 
to 1 1 at 20". 

2. A silver nitrate solution. Dissolve 5 g of silver nitrate in water and dilute to 1 i. 

3. A potassium cyanide solution. Dissolve 15 g of pure potassium cyanide and 
dilute to 1 1. 

4. A potassium iodide solution. Dissolve 10 g of potassium iodide in 100 ml 
of water. 

Standardization of the Potassium Cyanide Solution. — To 10 ml of 
the nickel solution, accurately measured with a pipet, add ammonium 
hydroxide in slight excess, dilute to 100 ml, add 6 drops of potassium 
iodide solution and about 1 ml of silver solution from a buret, noting 
the reading of the buret before adding the silver solution. From an- 
other buret, slowdy run in potassium cyanide solution, with, constant - 
stirring, until the silver iodide precipitate dissolves. Then very care- 
fully add silver nitrate solution until a permanent turbidity is formed 
and dissolve this by careful addition of more potassium cyanide solu- 
tion. Since the potassium cyanide solution decomposes slowly, this 
titration must be made every day that the solution is used. 

Next determine the relative strengths of silver solution and potas- 
sium cyanide solutions. From a buret, add 30 ml of the latter, neu- 
tralize with ammonia, dilute, add potassium iodide, and titrate in ex- 
actly the same way as just outlined. 

From this last titration in which a milliliters of silver nitrate were 
found equal to 6 milliliters of potassium cyanide, 1 ml of AgNOs solution 

= ” milliliters of KCN solution. If T milliliters of potassium cyanide 

and t milliliters of silver nitrate were used in the titration of 10 ml of 
nickel solution ( = 0.1 g Ni) then 

1 ml of KCN solution = — — j— grams Ni 

T --t 
a 
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Analysis. — To 100 ml of solution containing approximately 0.1 g of 
nickel, add ammonium hydroxide * and continue exactly as in the above 
standardization vith pure nickel solution. 

F. Sutton t states that, instead of working with two solutions, equally 
reliable results can be obtained by using a potassium cyanide solution 
to which a little sUver nitrate has been added. Thus, to the above 
solution of potassium cyanide there may be added about 0.50 g of silver 
nitrate which is first dissolved in water by itself. If this solution is 
used for titrating a nickel solution to which potassium iodide solution 
has been added, a precipitate of silver iodide is formed at once which 
increases at first on adding the potassium cyanide-silver nitrate solution 
until all the nickel is converted into potassium nickelocyanide, but 
the precipitate eventually disappears upon the further addition of the 
solution. 

Rmiarks. — Instead of titrating the potassium cyanide against a known nickel 
solution, the standardization may be accomplished with 0.1 N silver nitrate solu- 
tion, In this case it is best to take as end point the formation of a slight turbidity 
on adding silver nitrate, rather than the dissolving of the precipitate with potas- 
sium cyanide. One milliliter of 0.1 A' silver nitrate solution = 0.01302 g of KCN = 
0.002934 g of Ni. 

The method can be carried out in the presence of most of the other elements 
of the ammonium sulfide group. If a clear solution is not obtained on adding 
ammonium hydroxide, the addition of ammonium chloride sometimes helps. If 
copper is present in amounts not exceeding 0.4 per cent, the copper will replace 
almost exactly three-quarters of its freight of nickel. If chromium is present, the 
dark color due to presence of chromic salts may be obviated by adding to the original 
sulfuric acid solution a 2 per cent solution of potassium permanganate until a slight 
permanent precipitate of manganese dioxide is obtained, whereby the chromium 
is oxidized to chromic acid. Filter the solution, concentrate in a 400-mI beaker to 
about 60 ml, then treat wuth sodium pyrophosphate, as described below. The 
method is not applicable in the presence of considerable cobalt, the presence of w^hich 
is betrayed by the solution assuming a dark color upon the addition of potassium 
cyanide, but when the amount of the latter does not exceed one-tenth the amount 
of nickel present, the titration can be carried out successfully and the results represent 
the amount of nickel and cobalt present. 

Zinc causes trouble unless alkali pyrophosphate is added. The titration can be 
carried out in the presence of aluminum, iron, and manganese if citric or tartaric 
acid or sodium pyrophosphate is added. 

The temperature of the solution should not be much above 20°, for in hot solu- 
tions the results are not concordant. The quantity of ammonia present should not 
be too great, because there is a tendency for ammonia to impede the reaction if more 
than a slight excess is present. Potassium cyanide containing sulfide cannot be 
used; the reagent should be the purest obtainable. The results are accurate. The 

* If the addition of ammonia does not give a clear solution, a few cubic centi- 
meters of ammonium chloride solution should be added. 

t Volumetric Analysis, 8th edition, p. 252. 
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method has been modified so that it can be used to advantage for the determination 
of nickel in nickel steel. 


17. Determination of Nickel in Nickel Steel 

Dissolve 1 g of steel in a casserole with lO-lo ml of 6 .V of nitric acid 
(fi. 1.2), adding a liitie hydrochloric acid if necessary. After the steel 
has dissolved, add 6-S ml of IS.Y sulfuric acid, and evaporate the solu- 
tion until fumes of sulfuric anhydride* are evolved. Cool, add 30-40 ml 
of water, and boil the contents of the casserole until all the ferric sulfate 
has dissolved. Transfer the solution to a 400-mi beaker, filtering if 
necessar}', and add 13 g of sodium ptTophosphate dissolved in 60 ml 
of water at about 60^. The ptTophosphate solution must not be boiled, 
as this causes the formation of normal phosphate. The addition of the 
sodium ptTophosphate causes the formation of a heavy white precipi- 
tate of ferric p^Tophosphate. Cool to room temperature, and add 6 N 
ammonia drop by drop, while stirring constantly, until the greater part 
of the precipitate has dissolved and the solution has assumed a greenish 
tinge. At this point, it should react alkaline toward litmus and smell 
slightly, but not too strongly, of ammonia. Now gently heat the solu- 
tion, while stirring; the remainder of the ptwophosphate will dissolve, 
gitnng a perfectly clear light green solution. If the ammonia is added 
too fast, or the solution is not carefully stirred, a brownish color is 
likely to result, but this can usually be overcome by carefully adding a 
few drops of dilute sulfuric acid. Cool the clear solution to room tem- 
perature; add 0.5 ml of the standard silver nitrate solution and 2 mi of 
the potassium iodide. Titrate with potassium cyanide until the pre- 
cipitate of silver iodide has disappeared, and finish by adding just enough 
more of the silver nitrate to cause the formation of a slight turbidity 
again. 

18. Determination of Copper by the Potassium Cyanide Method f 

Principle. — If an ammoniacal solution of a cupric salt is treated with potassium 
cyanide, the intense blue color gradually disappears. The reaction is essentially as 
follows: 

2 Cu(NH 3 ) 4 -^ + 7 ex'* -h HoO = Cu 2 (CX )6 + CXO" 4- 2 XH 4 + + 6 NHs 

The temperature of the solution, the ammonia concentration, and the quantity of 
ammonium salts present affect the reaction so that a given quantity of copper does 

* Instead of using sodium pyrophosphate to prevent the interference of iron and 
other metals, many chemists use citric or tartaric acid. In this case the solution is 
dark colored and the end point is a little harder to detect. 

t Cf. Steinbeck, Z. anal Chem.j 8, 8 (1869); Dulin, J. Am. Chem. 80 c., 17, 346; 
A. H. Low, Technical Methods of Ore Analysis. 
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not always react with the same quantity of potassium cyanide. The potassium 
cyanide solution, therefore, must be standardized under exactly the same conditions 
as under which the analysis is carried out. 

Standardization of the Potasdimi Cyanide Solutioji. — Dissolve 20 g 
of pure potassium cyanide in a liter of water. Weigh out 0.2 g of pure 
copper wire, or foil, into a 200-ml Erlenmeyer flask and dissolve in 10 
ml of 6.¥ nitric acid. After the copper has dissolved add 25 ml of 
water and 5 ml of bromine water. Boil to expel the excess of bromine. 
Then add 50 ml of water and 10 ml of concentrated ammonium hydrox- 
ide, cool to room temperature by placing the flask in cold water, and 
add the potassium cyanide solution slowly from a buret, while constantly 
rotating the contents of the flask. ¥dien the solution has become a 
pale blue, dilute to about 150 ml and continue adding the potassium 
cyanide until the solution is just decolorized. The weighed amount 
of copper divided by the number of milliliters of potassium cyanide 
required gives the titer of the solution. 

Low^s Method for Analyzing Copper Ores. — Weigh out 0.5 g of a 
rich ore, or from 2 to 4 times as much of a low-grade ore, into a 200- 
ml Erlenmeyer flask and treat with 6-10 ml of concentrated nitric 
acid. Boil until nearly all the red fumes are expelled. If necessary, 
also add 5 ml of concentrated hydrochloric acid to decompose the ore 
and continue boiling for a short time. After cooling somewhat, add 
14 ml of 18 ¥ sulfuric acid and evaporate until dense fumes of sul- 
furic acid are evolved. Then, after allowing to cool again, add 25 ml 
of cold water and a drop of concentrated hydrochloric acid to precipi- 
tate any silver as chloride. Boil to dissolve the copper and ferric sul- 
fates and filter off the precipitated lead sulfate and silicious residue. 
Wash the residue with hot water and receive the filtrate in a 150-mi 
beaker, taking care not to let the filtrate exceed 75 ml. 

Place a piece of sheet aluminum, about 14 cm long and 2.5 cm wide 
and bent into a triangle, in the beaker. Cover with a watch glass, and 
boil the contents of the beaker for about 10 minutes, whereby nearly 
all the copper is deposited as spongy metal. Now remove the flame 
and wash down the sides of the beaker with cold water. To precipi- 
tate the last traces of copper and to prevent the oxidation of the fine 
deposit, add 15 ml of strong hydrogen sulfide water and decant the 
liquid through a 9-cm filter. Wash off the copper from the aluminum 
by means of weak hydrogen sulfide water into the flask in which the 
ore was dissolved and decant the liquid through the filter. Set aside 
the beaker containing the aluminum foil and some copper. The 
operation of filtering should take place without interruption and the 
filter kept well filled with liquid to prevent the oxidation of any pre- 
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cipitate upon it, which would cause it to dissolve and give a turbid 
filtrate. After washing the deposit 4 times, using in each ease 20 ml 
of weak hj^drogen sulfide water, allow the liquid to drain from the fun- 
nel, and then replace the beaker containing the filtrate with the flask 
containing the deposited copper. Cover the altmiinum foil, to which 
some copper usually adheres, with 10 ml of 6 A' nitric acid, heat nearly 
to boiling, and pour the hot acid through the filter. Replace the flask 
with the beaker containing the foil, and heat the contents of the flask 
until all the copper is dissolved and the greater part of the red fumes 
expelled. Again place the flask under the funnel, cover the aluminum 
foil in the beaker with 5 ml of strong bromine w'ater, and pour this 
through the filter. Then wash the aluminum foil and the filter with 
hot wmter. Boil the solution to expel the excess of bromine, cool to 
room temperature, treat with 10 ml of strong ammonia, and titrate with 
potassium cyanide exactly as in the standardization. 


19. Determination of Lead by the Molybdate Method* 

Principle. — The lead is precipitated as molybdate from an acid solution and the 
termination of the reaction is recognized by testing a drop of the solution with a 
drop of tannin solution, which gives a yellow coloration when an excess of ammonium 
molybdate is present. 

Peqxiiremerds. — 1. A solution of ammonium molybdate prepared by dissolving 
about 4.25 g of ammonium molybdate in winter, and diluting to 1 1. 

2. A freshly prepared tannin solution containing 0.1 g of tannin in 20 ml of water. 

Standardization of the Ammonium MolyMate Solution. — Weigh out 
0.2 g of pure lead foil into a 200-ml Erlenmeyer flask, dissolve in a 
mixture of 2 ml concentrated nitric acid and 4 ml of water, and evaporate 
the solution nearly, if not quite, to dryness. Take up the residue in 
30 ml of water, add 5 ml of concentrated sulfuric acid, shake, and allow 
the lead suKate to settle completely. Filter and wash the precipitate 
with 3.5 A" sulfuric acid. Drop the filter, together with precipitate, 
into an Erlenmeyer flask, add 10 ml of concentrated hydrochloric acid, 
and boil the liquid until the filter is completely disintegrated. Then, 
after adding 15 ml more of concentrated hydrochloric acid, and 25 ml 
of cold w^ater, carefully add 25 ml of concentrated ammonia, whereby 
the greater part of the acid is neutralized. Drop a piece of blue litmus 
paper into the solution, add ammonia to slightly alkaline reaction, 
and then glacial acetic acid until the litmus paper turns red. Dilute 
to about 200 ml with hot water and transfer about two-thirds of the 
solution to a beaker. Add the ammonium molybdate solution to the 

* Alexander, Chem. Zig., 16, 181 (1892); Low, Technical Methods of Ore Analysis. 
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latter from a buret until a drop of the solution, brought in contact Mth 
a drop of the tannin indicator upon a white porcelain tile, gives a brown 
or yellow color. Pour in some more of the lead solution to the beaker 
and repeat the operation until only a few" milliliters of the lead solution 
remain in the flask. Finally add the rest of the solution, and finish the 
titration by adding the molybdate solution twm drops at a time. If 
i milliliters of molybdate are used in titrating a grams of lead the titer 
of the solution is 

1 ml ammonium molybdate == y grams lead 

z 

Procedure. — Weigh out 0.5 g of the ore into a 200-ml Erlenmeyer 
flask, add 30 ml of 4iV hydi^ochloric acid, and boil until all the hydro- 
gen sulfide is expelled. If the ore should not dissolve completely by 
this treatment, add a little concentrated nitric acid and continue heating 
until the ore is completely decomposed. As soon as this has taken 
place, add 14 ml of 18 N sulfuric acid, and evaporate over a free flame 
until dense vapors of sulfuric acid are evolved. Allow to cool, add 20 
ml of water, and boil the liquid 15 minutes to dissolve ail the anhydrous 
ferric sulfate. 

After cooling, filter off the precipitated lead sulfate and silicious 
residue and wash with cold 3.5 W sulfuric acid. The lead sulfate is 
often contaminated with calcium or barium sulfate, and before the 
titration it must be purified. To this end, rinse the precipitate by a 
stream of cold water into the original flask; add 5 g of pure ammonium 
chloride and about 1 ml of concentrated hydrochloric acid. By boiling, 
all the lead and calcium sulfates are dissolved, but the gangue, which 
is easily distinguished from either of the above salts, remains behind. 
Neutralize the solution with ammonia and treat with an excess of am- 
monium sulfide. Allow the precipitate to settle; filter and wash with 
hot water until the filtrate no longer gives a test for calcium when tested 
with ammonium oxalate. As the lead sulfide may be contaminated 
with some iron sulfide, rinse it again into the original flask, by means 
of as little hot water as possible, treat with 5 ml of 2N sulfuric acid, 
shake until the precipitate is well broken up, add 25 ml of strong hydro- 
gen sulfide water, filter through the same filter as was last used, and 
wash with cold water. By this time it is safe to assume that the lead 
sulfide is free from all calcium and iron. Once more return the filter 
and precipitate to the original flask, dissolve by boiling with 5 ml of 
concentrated hydrochloric acid, boil, and then, when the hydrogen 
sulfide is practically all expelled, treat with 2"3 drops of concentrated 
nitric acid to remove the last traces of hydrogen sulfide. Now add 
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25 ml of cold water, and treat the solution exactly as in the standardiza- 
tion of the ammonium molybdate. 

RemarL — The smelter chemists in the western part of the United States use a 
much more rapid method, which gives good results in the hands of an experienced 
operator, pro\'ided the lead content of the ore is greater than 15 mg 

Procedure."^ — Dissolve the ore in hydrochloric acid or hydrochloric 
and nitric acids, and filter the solution while hot wfithout diluting any 
more than to prevent the acid attacking the paper. Wash the residue 
rapidly with a hot solution of ammonium chloride until the washings 
show no blackening when tested with ammonia and a drop of ammonium 
sulfide. IVlake the filtrate just alkaline with ammonia and add a slight 
excess of ammonium sulfide. Heat to boiling, filter off the precipitated 
sulfides, and w’asli with hot w’ater. (The alkaline earths may be de- 
termined in the filtrate if desired.) Dissolve the sulfides in hot, dilute 
nitric acid and catch the resulting solution in the same beaker in w^hich 
the sulfides w’ere precipitated. Add 7 ml of concentrated sulfuric 
acid, and evaporate the liquid until dense vapors of sulfuric acid are 
evolved. After allowing to cool, add 20 ml of winter and boil the 
liquid to dissolve the anhydrous ferric sulfate. Filter off the precipi- 
tated lead sulfate, w’ash free from acid, dissolve in a slight excess of 
ammonium acetate solution,! and dilute with water. After heating to 
boiling, titrate the hot solution with ammonium molybdate. 

The above procedure serves when alkaline earths are present; but 
when these are known to be absent, the original solution of the ore can 
be at once evaporated with sulfuric acid, the resulting lead sulfate dis- 
solved in ammonium acetate solution and titrated without any puri- 
fication. 

20. Determination of Zinc by Potassium Ferrocyanide J 

The potassium ferrocyanide method for titrating zinc is very accurate 
but it requires some experience before an operator becomes skilled in 
its use. The end point of the reaction corresponds to the formation of 
K2Zn3[Fe(CN)6]i 

3 ZnCb + 2 K 4 Fe(CN )6 = 6 KCl + K 2 Zn 3 [Fe(CN) 6]2 

* This method was obtained through the courtesy of Mr. Franklin G. Hills of 
the American Smelting and Refining Co. 

t If too much ammonium acetate solution is used, a transitory end point is obtained 
in the subsequent titration. It is necessary to use a hot solution, wRich does not 
contain too much of the salt. See p. 187. 

t The directions here given are based upon the procedure used in the laboratories 
of the New Jersey Zinc Co. at Palmerton, Pa. 
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After this point is reached, a slight excess of ferrocyanide will give a 
brown coloration when tested with dilute uranyl solution or ammonium 
molybdate on a spot plate. If the solution contains a very small quan- 
tity of iron, a little prussian blue is formed and the color changes from 
pale blue to pea green at the end point. 

Potassiimi Ferrocyanide Solution. — Dissolve 32.31 g of pure ferro- 
cyanide in water and dilute to 1 1; 1 ml of this solution should react 
with 7.5 mg of zinc. 

Standardization, — Weigh out into 400-ml beakers several 0.3-g por- 
tions of pure zinc, weighing to 4 decimal places. Cover with water and 
dissolve in 20 ml of 6 N hydrochloric acid. When all the zinc has dis- 
solved, neutralize vuth strong ammonia, make slightly acid with hydro- 
chloric acid, and add 6 ml of 6 W acid in excess. Add 2 drops of ferrous 
sulfate solution containing 2.5 g FeS 04 * 7 H 20 per liter. This corresponds 
bo about 0.03 mg of iron. Dilute with water to 200 ml, heat to boiling, 
md titrate as follows: Reserve one-quarter of the solution in a small 
beaker, to avoid the necessity of titrating to the right end point at once. 
To the hot solution add the ferrocyanide with vigorous stirring. The 
solution assumes a blue color, which should be quite pale and is due to 
:he reaction of ferrocyanide with a very small quantity of ferric iron 
hrmed from the ferrous solution added. When an excess of yellow 
•errocyanide is present, the blue color changes to a pale green. Add a 
ittle more of the ferrocyanide and pour in all but about 5 ml of the re- 
served zinc solution. Again add ferrocyanide till the end point is reached 
ind about 0.5 ml more. Add the last of the reserved solution, wash out 
3he beaker with hot water, and titrate with ferrocyanide dropwise until 
:he blue color fades sharply to a pea green. This is the end point. 

Repeat the standardization until an agreement within 2 parts in 1000 
's obtained. 

Arwilym of the Ore. — Weigh out into a small beaker enough of the 
powdered ore to give approximately 0.6 g of zinc. Moisten with water 
md add 10 ml of concentrated hydrochloric acid. If sulfides are pres- 
ent it may be necessary to add 10 ml of concentrated nitric acid at this 
point. Digest on the hot plate at a temperature below the boiling point 
for 1 hour. Remove from the plate and wash down the sides of the 
beaker and the cover glass. Add 10 ml of 18 W sulfuric acid and evap- 
Drate to fumes. In the case of very silicious material it is weU to break 
ap the silica with a glass rod before adding the sulfuric acid. Cool and 
dilute to 50 ml with water. 

If there is any indication of undecomposed mineral in the residue 
filter and wash the residue with hot water. Digest the residue with hot 
ammonium acetate solution to remove lead sulfate and treat the residue 
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with snlfuric and hydrofluoric acids (cf. Silicate Analysis). Then 
after the removal of the excess acid, fuse with potassium pyrosulfate, 
dissolve the melt in dilute sulfuric acid, and add the solution to that 
previously obtained. 

The next step is to reduce the ferric salt and precipitate copper, bis- 
muth, etc., by treatment with 1 g of 20-mesh aluminum powder at a 
volume of about 50 ml. If it was not necessary to test the residue for 
zinc, the treatment should precede the filtering of the lead sulfate and 
silica precipitate. Add 10 drops of saturated sodium tiiiosulfate solu- 
tion, cover the beaker mth a watch glass, and heat 20 minutes. This 
serves to reduce the iron and precipitate all the copper group metals 
except about 0.05 per cent of cadmium, which does no harm. Transfer 
the solution to a 200-mi measuring-flask. Alake up to the mark, mix 
and filter through a dry paper. Reject the first 10 ml of runnings and 
take 100 ml for the titration. Transfer the solution to a tali, 400-ml 
beaker and neutralize with sodium hj^droxide solution till a jelly is 
formed (of Ai(OH) 3 ) and the acidity corresponds to about 2 drops of 20 
per cent sulfuric acid. Use methyl orange as indicator. Add 3 ml of 5 
per cent sulfuric acid, dilute to 200 ml, and introduce a stream of hydro- 
gen sulfide into the cold solution for 40 minutes, at the rate of at least 8 
bubbles per second. Allow the precipitate to settle for 15 minutes, filter, 
and wash with cold water. 

Wash back the zinc sulfide precipitate into the beaker and rinse out 
the hydrogen sulfide tubing with 10 ml of concentrated hydrochloric 
in hot water. Run the acid through the filter and wash with hot water. 
Heat the acid until all the zinc sulfide has dissolved and all the hydrogen 
sulfide is expelled. Dilute with cold water to 150 ml, add concen- 
trated ammonia until slightly alkaline, neutralize with hydrochloric 
acid, and continue as in the standardization of the ferrocyanide solution. 


21. Determination of Lead and Arsenic in Commercial 
Lead Arsenate 

Two methods for determining lead and three methods for determining ar- 
senic in this important insecticide will be described, which are taken from 
the Proceedings of the Official Agricultural Chemists of the United Stales. 

If the sample is in the form of a paste dry the whole of it on the water- 
bath to get the water content. Grind the residue to a fine powder and 
drj^ at 110-120° to constant weight. Use this for the following analyses. 

(a) Determination of Lead as Sulfate. Dissolve 2 g of the dry powder 
in 80 ml of 2.5 iV nitric acid. Heat on the water-bath until all the lead 
arsenate is dissolved. Transfer to a 250-ml measuring-flask and dilute 
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to the mark at 20°. To 50 ml of the solution, add 3 ml of concentrated 
sulfuric acid and evaporate till dense fumes of sulfuric acid are evolved. 
This is best accomplished by heating in a 250-ml Erlenmeyer flask. 
Allow to cool, cautiously add 50 ml of water and 100 ml of 95 per cent 
alcohol. Allow to stand several hours, then filter and wash 10 times 
with a mixture of 3 parts concentrated sulfuric acid, 200 of alcohol, and 
100 of water by volume. Ignite and weigh as lead sulfate (p. 186). 

Remark. — If the sample contains any alkalme earth, the lead suHate will be very 
impure and should be purified as directed on p. 187. 

(6) Determination of Lead as Chromate. Dissolve 0.6906 g of dry- 
powder in 25 ml of 3 iV nitric acid. Filter if necessary. Dilute to 
400 ml, heat to boiling, and add ammonia water until a slight permanent 
precipitate is formed. Dissolve this precipitate with a little 1.5 iV" nitric 
acid and add 2 ml in excess. To the hot solution, add from a pipet 5 
ml of 10 per cent potassium chromate solution. Allow the precipitate 
of lead chromate to settle, filter into a Gooch crucible, wash with hot 
water till free from alkali chromate, dry at 140-150°, and weigh as 
PbCr 04 . The weight of the precipitate in grams multiplied by 100 
gives the percentage of PbO present. 

(c) Determination of Arsenic by Modified Gooch- Browning Method. 
Take 100 ml of the nitric acid solution prepared as described in (a), 
add 6 ml of concentrated sulfuric acid, and evaporate to fumes. Cool, 
transfer to a 100-ml measuring-flask with cold water and make up to 
the mark at 20°, Mix thoroughly by pouring back and forth into a 
dry beaker, allow the precipitate to settle in the stoppered flask and then 
decant the clear solution through a dry filter. After rejecting the first 
runnings, take 50 ml of the filtrate; add 4 ml of concentrated sulfmic 
acid and 1 g of pota'ssium iodide. Dilute to about 100 ml and boil 
until the volume is reduced to about 40 ml. In this way the arsenic acid 
is reduced to the trivalent condition and iodine is liberated. Do not 
carry the evaporation too far, or attempt to boil off the last traces of 
liberated iodine. Arsenic iodide is reddish and colors the concentrated 
solution very much the same as a little iodine does. It is volatilized if 
the solution is evaporated too far. 

Cool the solution under running water, dilute to about 300 ml and 
carefully add sodium thiosulfate solution until all the free iodine is 
reduced to colorless iodide adding starch paste toward the end. At this 
dilution, the color of arsenic iodide is not apparent. To the acid solu- 
tion add 15 g of anhydrous sodium carbonate in small portions and 
titrate with 0.1 iV iodine solution. One milliliter 0.1 iV I 2 solution = 
0.003749 g of As. 
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Remark. — Iiiasmueh as iodine reac^ts with sodium hydroxide to form hypoiodite 
and iodide, it is generally reoommeiided to tluish the iieutraiization with sodium 
bicarbonate solution. This is unnecessary, however, because sodium bii-arbonate 
is formed by the rea-alon between acid and the uormaJ car!>oiiate and as long as 
free carbon dirjxide is present in the s»jratioii, there is no danger. The quantity of 
sodium carbonate added should be greater than 1 and less than 2 moies for each 
mole of sulfuric acid present, and 2-3 g of bicarbonate, formed from the normal 
carbonate, should rernaiii unneutralized. 

(d) Determinalion of Arsenic by the Disiillaiion Method. Pro\ide a 
250-nil distilling-fiask with a long-stem, 50-ml dropping-funnel and 
connect it to a 60-ciii Liebig condenser. Connect the outlet of the 
condenser to a 500-ml Erlenmeyer flask by a short bent tube e.xtending 
about 10 cm below the bottom of the 3-hole stopper which closes the 
flask. Through the middle hole in this stopper insert a 50-cm piece 
of straight tubing so that it reaches to within about 1 cm from the 
bottom of the flask and acts as a safety tube. Through the third hole 
introduce a tt\dce-bent glass tube starting from just below the stopper 
and leading nearly to the bottom of a second 500-ml Erlenmeyer flask 
with a 2-hole stopper. Through the second hole insert a twice-bent 
tube leading to a 250-ml Erlenmej^er flask. Place 50 ml of water 
in the first flask, 100 ml in the second, and 50 ml in the third, and sur- 
round the first two flasks with cracked ice. The third flask acts merely 
as a trap, and no arsenic chloride should reach it. 

Weigh 0.4-0. 6 g of the dry powder and 5 g of cuprous chloride di- 
rectly into the distilling-flask, taking care not to let any powder get into 
the distilling arm. Add 100 ml of concentrated hydrochloric acid from 
the dropping-funnel and start' distilling. \Wien the volume of liquid in 
the distilling-flask has been reduced to 40 ml, add 50 mi more of acid 
and again distil to 40 ml. Finally add 25 ml more of concentrated 
hydrochloric acid and distil until only 20 ml are left in the dist illin g 
flask. This procedure ensures the complete volatilization of all the 
arsenic as trichloride from 0.6 g of commercial insecticides. 

After the distillation is completed, rinse out the connecting tubes 
and transfer the contents of the first two absorption flasks to a 500-ml 
measuring-flask, and make up to the mark at 20°. 

To 100 ml of the mixed solution add 15 g of sodium hydroxide dis- 
solved in a little water, and finish the neutralization by adding 
sodium carbonate until the solution is alkaline to methyl orange. 
Then add 2 g of sodium bicarbonate and titrate with iodine (p. 603). 

(e) Determination of Arsenic hy the Potassium lodate Method of G. S. Jamieson."^ 
In a solution containing trivalent arsenic in the presence of 11-20 per cent of hydro- 

* J. Ind. Eng. Chem., 10, 290 (1918). 
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gen chloride, arsenic can be accurately titrated by means of potassium iodate solution 
(cf, p. 617): 

2 AsCls + IQOs + o HoO 2 H3ASO4 + KCl + ICl + 4 HCl 

Transfer 100 ml of the 500 ml of solution, obtained after distilling as in the previous 
method, to a 250-mi glass-stoppered bottle, add 6 mi of chloroform, and titrate with 
standard KIO3 solution containing 3.244 g KIOs per liter. One milliliter of this 
solution reacts with 3 mg of AsoOg. If more than 25 ml of the iodate solution is 
needed, add 10-15 ml more of concentrated hydrochloric acid before finishing the 
titration, in order to maintain the proper acidity. The end point is explained on 

p. 618. 

To determine arsenic present as arsenite in any insecticide: 

Weigh out 0.14-0.4 g of the powder, depending upon the arsenic content, into a 
250-ml glass-stoppered bottle. Add 30 ml of concentrated hydrochloric acid, 20 ml 
of water, and 6 ml of chloroform. Titrate at once with the iodate solution. Titrate 
rapidly at first, while shaking the bottle so as to give a gyratory motion to the con- 
tents. l^Tien the iodine liberated during the first part of the titration has largely 
disappeared from the solution, insert the stopper, shake well, and from this point 
add the reagent slowly^, shaking after each addition. Finally wait 5 minutes after 
the color is discharged from the chloroform to see if it returns. 

22. Determination of Arsenic in Ores. Modified Method of 
Low-Pearce-Bennett 

Of the finely powdered ore, take 0.5 g if the arsenic content is not over 
10 per cent. If the ore is richer, take only enough to furnish O.OS- 
0.10 g of arsenic. Mix the ore with 2 g of anhydrous sodium carbonate 
and 1.5 g of potassium nitrate in a No. 8 porcelain crucible and sprinkle 
about 1 g of the fusion mixture on top. Cover the crucible and heat 
very slowly over a small flame, gradually raising the temperature until 
finally the full heat of a good burner is used for 10 minutes. Cool and 
extract with 200 ml of hot water. Filter and wash with hot water until 
all the soluble alkali salts are removed as shown by the litmus test for 
sodium carbonate. In this way all of the arsenic is obtained as alkali 
arsenate. 

Make the solution distinctly acid with acetic acid and boil 10 minutes 
to remove carbonate and nitrite. Cool and add sodium hydroxide until 
the solution is basic to phenolphthalein. Discharge the color with a 
few drops of acetic acid and add 20 ml of O.IN silver nitrate solution. 
After the reddish brown precipitate of silver arsenate has coagulated 
sufficiently, filter and wash with cold water till the washings are free 
from silver. Dissolve the silver arsenate by pouring small portions of 
hot 3 N nitric acid through the filter, using about 10 ml of acid in all. 
Dilute and titrate the silver by the Volhard method. One ml of 0.1 A 
KCNS solution = 0.002499 g of As. 

Remark. — This method gives excellent results in the commercial analysis of 
arsenide ores but chromium and phosphorus interfere as silver chromate and phos- 
phate, etc., behave like the arsenate. 



PART III 

GAS ANALYSIS 


The chemical analysis of gas mixtures is accomplished usually by 
measuring and rarely by weighing the indhidual constituents, so that ■ 
it is customary to express the results in percentage by volume. But in- 
asmuch as the volume of a gas is influenced to a marked degree by the 
temperature and pressure, it is necessar}^ to reduce each measurement 
to standard conditions of temperature and pressure, and further to 
take care that these remain constant during the whole of the analysis. 
A volume of gas T' measured over water at f C and B millimeters baro- 
metric pressure* is reduced to the volume which it would assume at 0° C 
and 760 mm pressure in a dry condition by means of the formula 

_ Y{B - w) 

® 760 (1 + at) 


In this formula, Fo represents the reduced volume,! F the volume 
of the gas at f C and B millimeters pressure, w the tension of aqueous 
vapor, and a the expansion coefScient of the gas (= 0.003665). 


As, however, a = ^, the above formula may be mitten as follows: 
27 0 


^ V{B - w) 273 
760 (273 + 0 


Instead of reducing the observed volume to the standard conditions 
by computation, it can be effected mechanically by compression (see 
p. 352). 


* Here is understood the barometer reading reduced to 0° C. The reduction is 

j 

accomplished by means of the formula: Bq = • B, in which Bq represents the 

reduced reading, B the actual reading at a the expansion coefficient of mercury 
( = 0.000181), 13 the linear coefficient of expansion of glass ( = 0.0000085). For 
most purposes, however, the reduction to 0° C can be made with sufficient accuracy 
by making the following deductions from the actual readings: 


1mm 21°~2S° 

13°-20‘^ 2 mm 29°-35 


f Or volume under standard conditions. 
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The Collection and Confinement of Gas Samples 
Since all gases diffuse rapidly into one another even when separated 
by porous solid bodies or liquids, it is evident that the collection of the 
sample and its preservation offers certain difficulties. If a gas is con- 
fined in a bell jar over water and thus kept out of contact with the air, 
it will be found that different results will be obtained in the analysis of 
the gas from day to day. The air gradually penetrates through the 
water into the bell jar and in the same way the gas within the jar grad- 
ually diffuses into the atmosphere. This process will continue until 
finally the composition of the gas both within and without the jar is 
the same. The rapidity of the diffusion depends upon the extent to 
which the gases are absorbed by the liquid which separates them. 
Those liquids which absorb the gases readily, allow them to pass through 
it rapidly, and consequently cannot be used for keeping the gases apart. 
Of all liquids, mercury is best suited for the purpose, because it absorbs 
only minimum amounts of the different gases. 

Gases which combine chemically with mercury, such as chlorine, 
bromine vapors, hydrogen sulfide, etc., cannot, of course, be collected 
over mercury; it is best to collect them in dry glass tubes and to seal 
the latter by fusing together the open ends in case the gas cannot be 
analyzed immediately. Through glass there is no diffusion, so that 
gases may be kept unchanged in sealed tubes for years. 

If the gas is to be analyzed within a few days after the time of col- 
lection, it can be kept in pipet-shaped tubes. The ends are closed by 
thick pieces of rubber tubing into each of which is inserted a piece of 
glass stirring-rod with rounded ends; where the rubber tubing comes in 
contact with the glass it should be fastened tightly with wires. It is 
not permissible to keep gases in such tubes for a considerable length 
of time, for rubber, particularly when it has become hard^ permits the 
diffusion of gases to some extent. 

For less accurate analyses, the gases can be collected over water 
which has been previously saturated with the gas to be analyzed, and 
the analysis must be made immediately afterwards. 

From what has been said, it is evident that care must be taken in 
collecting and keeping the gas to be analyzed. We will now consider 
briefly a few practical examples. 

(a) Collection of Gases in Accessible Places 
1. Draw out the neck of a 200-ml flask somewhat and insert a glass 
tube. (Fig. 124.) Draw about 800 ml of the gas to be analyzed 
through the flask by means of suction. Then close the neck of the 
flask by means of a rubber cap and fuse the glass together. 



679 


COLLECTION AND CONFINEMENT OF GAS SAMPLES 

(b) Collection ofGase^from Inaccessible Places 

Connect the rubber tubing G, Fig. 125, on one side with the aspi- 
rator A of about 30-1 capacity and on the other with the source of the 
gas, and allow water to flow quickly from the aspirator. After 5 or 6 1 
have run out, the air is usually completely expelled from the rubber 
tubing and replaced by the gas to be analyzed, so that it is now read}^ 
for collecting the sample. For this purpose, turn the stopcock H 
90° to the right, so that the vessel it, which is to receive the gas, is 
in communication with the outer air, and expel the air from it by 
raising the mercury reservoir A". Then turn back the stopcock to the 
position shown in the figure and fill R with the gas by lowering N. 
As the tubing between the T tube and the stopcock contained impure 


Fig. 124. 

gas, again fill R with mercury and expel the gas into the air. After the 
process has been repeated 3 times, fill the receiver for the last time with 
the gas, close Lf, lower N so that the pressure in the tube is less than 
that of the atmosphere, and fuse together the ends of R first at a then 
at h. During this sealing of the tube, it should be removed from the 
ring-stand so that the tube can be revolved a little while being heated 
in the fiiame. 

In sealing the tube, draw out the ends into a capillary as shown in 
E', Fig. 125. 

If it is necessary to obtain the gas from places at a very high tempera- 
ture, e.g., from blast-furnaces, producers, etc., glass tubes would melt, 
and if ordinary iron tubes were not melted they would decompose the 
gas. In this case it is best to use the water- jacketed iron tube devised 
by St. Claire Deville and shown in Fig. 126 Cause cold water to run 
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into the outer condenser at a and to run out at h, and collect the gas, 
as described above, through the tube c. It is important that the water 
should run through the tube fast enough to keep 
the inner tube cold; otherwise the gas will be de- 
composed. By this means there is no difficulty 
in collecting gas samples from different heights of 
the glowing layers of coal in blast-furnaces or 
producers, or from smoke stacks. 

Collection of Gases Arising from Mineral Springs 

Connect the receiver R with the funnel T by 
means of the rubber tubing q (Fig. 127). Fill 
all these parts of the apparatus with spring-water 
and allow the gas to ascend through the funnel 
as shown in the illustration. In order that the gas may pass from 
the funnel into the receiver, raise Rj so 
that only the tubing p remains in the 
water, and lower the funnel as deep 
as possible, causing pressure enough to 
drive the gas over. Then close the tub- 
ing just above a by means of a screw- 
cock, place a beaker filled with spring- 
water under p, remove the apparatus from 
the spring, fuse together both ends of R 
with the blow-pipe. If the gas is to be 
analyzed within 2 or 3 days, the receiver 
may be closed by pieces of short rubber 
tubing each containing a short piece of 
glass rod with rounded ends. All such 
connections must be fastened by means of wires where the glass comes 
in contact with the rubber. 

Collection of Gases Absorbed in Spring-water 

Of the many different methods which have been proposed for the 
analysis of the absorbed gases in spring-water, the following is prob- 
ably the most satisfactory. 

Fill the flask A, Fig. 128, with spring-water up to its upper edge and 
immediately insert in the neck of the flask and press down the rubber 
stopper containing the tube L, which is fused together at the bottom 
but has an opening on the side at 1. Raise the tube L so that the 
opening I is within the stopper, thus making an air-tight connection. 
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Now connect tiie bulb K with L, w’hich is half full of distilled winter 
and is connected with the capillary tubing C, although the latter is 
not yet connected with the measuring-tube B, as shown in the illus- 
tration. Raise the leveling-tube A” until mercury begins to flow’ out 
of the right-angled capillary tubcj then close the stopcock H, After 
this boil the water in the bulb K fwiiich is held in an inclined position) 
for 3 minutes, meanw'hile w'arming the capillary tubing connected with 
the measuring-tube. Unless this last precaution is taken, the capillary 
tubing is likeh’ to break, 
particularly in winter. 

After the waiter in K 
has boiled vigorousl}’ for 
3 minutes, remove the 
flame, quickly connect 
C with the measuring- 
tube B and securely fas- 
ten the rubber connec- 
tion with w'ire. By 
boiling the water in K, 
a complete vacuum is 
produced in the bulb, so 
that the gas can be at 
once collected from the 
spring-water. For this 
purpose press down the 
tube L through the rub- 
ber stopper until the 
opening I comes just be- 
low its lower edge, lower 
the leveling-tube N, and 
open the stopcock H, 

At once there is a lively 
evolution of gas from the 

water in A, and this is subsequently maintained by wnrming the water. 
As soon as the eudiometer is full, close the stopcock and read the vol- 
ume of the gas after bringing the mercury to the same level in N that it 
is in B. At the same time note the temperature of the wntei; in the con- 
denser M and read the barometer. Drive over the gas into the Orsat 
tube, 0, containing potassium hydroxide solution (1 : 2), and allow it to 
remain there for the time being. Meanwhile continue boiling the water 
in Aj and measuring the gas in B, etc., until finally no more gas can 
evolve from the spring-water. Drive over all the gas into the Orsat 



Fig. 12S. 



ANALYSIS 


tube, after its volume has been noted; by means of the caustic potash, 
the carbonic acid is quantitatively absorbed. Again drive the unab- 
sorbed gas over into B and read its volume. By correctly regulating the 
velocity of the current of water flowing through the condenser, it is easily 
possible to maintain a constant temperature throughout the whole of the 
experiment. The residual gas remaining after the absorption of the 
carbon dioxide consists usually of nitrogen, oxygen, and in some cases 
methane. Transfer it to the apparatus of Hempei, and analyze accord- 
ing to methods which vill be described further on. 

According to this method, the determination of nitrogen, oxygen, 
and methane gives exact results, but the apparent amount of carbon 
dioxide is sometimes too much and sometimes too little. If the water 
contains large amounts of bicarbonate in solution, the carbonic acid 
found will represent more than was originally present in the free state, 
for such substances are partly decomposed by boiling their aqueous 
solution. On the other hand, if only a little bicarbonate is present, the 
result will be too low, for it is not possible to remove all the free carbonic 
acid from a solution by boiling it in a vacuum. 

Consequently, in aU cases the free carbonic acid must be determined 
by computation. For this purpose determine the total carbonic acid 
in a fresh sample of the water, according to p. 357, and then if the com- 
position of the solid constituents present is known, the volume of the 
free carbonic acid can be calculated. 

Example. — 1000 g of Tarasper-Lucius water contain 7.877 g of total carbonic acid. 
Of this amount, a part is present in the water as bicarbonate, and the remainder is 
free carbonic acid. If from the total amount of carbonic acid the combined acid is 
deducted, the difference represents the amount of free carbonic acid present. 


Calculation of the Carbonic Acid Present as Bicarbonate 

This is obtained by multiplying the difference between the cations 
and anions (expressed in milli-equivalents) by the molecular weight of 
HCO3, because the sum of the cations in every salt solution is equal to 
that of the anions present when both are expressed in milli-equivalents. 

The. gram equivalents are obtained by dividing the weight in grams 
of each element (or radical) by the respective atomic (or molecular) 
weight and multiplying by the valence. 

By boiling 828.3 g of the water, 1868.9 ml of CO 2 were obtained 
at 8.4° and 651 mm pressure, containing only traces of nitrogen. This 
corresponds to 1851 ml per liter, at 0° and 760 mm pressure, which is 
more than the calculated amount, because by boiling some of the 
bicarbonate was decomposed. 
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CALCFLATIiaX uf the 

1000 g of Liwi.i< yati;' coi-Auin: 
f'Atiohy 

Potassium K~ 

Sodium ■ 

Lithium 'Li'"; 

.'Vmmonium • XIL' .... 

Calcium Ca"'; 

Strontium {Sr“: 

Magnesium Olg''* 

Iron ( Fe~'} 

iManganese (Mn~'" 

Aluminum (Al’™' - 


.MILLI-EQUI \’ALEXTS 
IFc. in mg 

160 4.24 

3906 169.4 

9 1.30 

13 0.72 

627 31.34 

9 0.20 

100 15.60 

0 0.20 

0.2 O.OOS 

0.6 0.072 

Sum of cations 223. OS milli-equivalents 


A7iions 

Chloride (C!“) 

Bromide Br'j 

Iodide (I~) 

Sulfate (SOr^) 

Hydrophosphate : HPO 4 > 
Hydrocarbonate : HCOsi . . . 


IFh in mg Milli-equivalerds 
2400 67.7 

29 0.36 

0.9 0.007 

1727 36.02 

O.OS O.OIS 


104.1 milli-equivalents 

Sum of cations 223.1 
Sum of anions 104.1 


Bicarbonate ions 119.0 = 119 X 0.06101 = 7.262 g HCOs == 5.240 g CO 2 . 


CALCLTLATIOX OF FREE CARBOXIC ACID 

Total CO 2 == 7.877 g; combined CO 2 — 5.240 g; free CO 2 = 2.637 g = 1334 ml 
at 0° and 760 mm pressure. 

If the amount of bicarbonate present is very small, the total amount 
of carbonic acid obtained by boiling the water is always too small. 
Thus with the thermal water of Baden, by boiling there was obtained : 

Nitrogen 14.43 ml per liter 

Carbon dioxide 112.12 ml per liter 

126.55 ml per liter 

and from the analysis, the iree carbonic acid was computed to be 180.52 
ml. The absorbed gas in the thermal water of Baden is, therefore, 

14.43 ml per liter 
180.52 ml per hter 
194.95 ml per liter 


Nitrogen 

Carbon dioxide 
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Remark, — With the above method of collecting the gas, it is difficult 
to prevent some water getting into the measuring-tube J5, by means of 
which a small amount of the gas will be reabsorbed. This difficulty is 
avoided, however, if the flask shown in Fig. 129 is used to contain the 
water. 

This flask is provided with a short tube blown into its neck near the 
top and connected by means of thick-walled rubber tubing with the 
mercury reservoir R. In order to determine the contents of the flask, 
make a scratch on the small tube about 4 cm from the neck of the flask, 
drive over the mercury just to this mark, and tightly close the rubber 

tubing by means of a screw-cock. Then 
empty the reservoir of mercury, and weigh 
the flask together with the stopper, glass 
tube L, rubber tubing, and what mercury 
remains above Q. Next fill the flask 
with water, press down the stopper to the 
mark in the neck of the flask, and raise 
the tube L until the lower opening I comes 
within the stopper. After drying the tube 
L with blotting-paper, weigh the flask and 
its contents. Etch its capacity upon the 
bulb of the flask. 

For the determination of the gases ab- 
sorbed in a liquid, fill the flask A in the 
same way as in the determination of its 
capacity, connect the bulb-tube K, half 
filled with distilled water, with L, and 
connect L with a capillary tube as shown in Fig. 128. Eemove the 
air from K and the capillary tubing by boiling the water in K, as 
described on p. 681, and then connect the capillary with the measuring- 
tube B, Fig. 128. Next connect the heavy rubber tubing with the 
reservoir as shown in Fig. 129, and place the latter in a beaker of hot 
water. Introduce the tube L into the neck of the flask until the open- 
ing I can just be seen, and expel the gas in the same way as described 
on p. 681, except that in this case the liquid is not allowed to rise so 
high in K. After three-quarters of an hour the gas will be com- 
pletely expelled from the liquid. Drive over the last portions of 
the gas into B by lowering the leveling-tube N (Fig. 128), raising 
the mercury reservoir R (Fig. 129), and carefully opening the 
screw-clamp Q. A warm stream of mercury will then flow into the 
flask, expelling the gas into the measuring-tube. As soon as the 
liquid in A has been driven over as far as the stopcock H, immedi- 
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ately close E, Otherwise the procedure is the same as w'as described 
on p, 6SL 

To test the accuracy of this method, the author made a few deter- 
minations of the oxygen absorbed in the lake-water at Zurich, and the 
results w^ere compared with those obtained by E. Mavtz in this labora- 
tory by means of the method of L. Winkler (see p, 704). 


OXYGEX IX 1 L OF ZURICH LAKE-WATER 


ilodiiu'd Petersson Method i 

Method of L. Winkler j 

I 

II 

r 

n 

7 . 66 ml 

7.74 ml 

7.67 ml 

1 

7.75 ml 


Collection of Gases Absorbed by Defibiinated Blood 

The author has used for this purpose the apparatus showm in Fig. 
130. The analysis is carried out as follows: 

First fill the rubber tubing, which connects N' and A, with mercury’’ 
by raising the leveling-tube N^j and close the pinchcock h''. Then 
likewise fill the gas buret C with mercury by raising D and turning the 
stopcock h to the position showm in the drawing. By raising the 
leveling-tube N, fill the bulb K and the vessel A with mercury, and 
allow the mercury to flow into the funnel M up to the line a and then 
close the stopcock h. Pour the blood to be examined into M, lower 
N', and, by carefully opening A, allow the mercury to fall from Jf 
until it just reaches the stopcock A, which is then closed. Now* fill 
M with blood to the mark &, open h, and suck dowm the blood until its 
upper level is exactly at the line a; then close h once more. Low’er the 
leveling-tube N until a good vacuum is produced in A and the mer- 
cury level falls to near the bottom of K, When this is accomplished, 
the gas escapes from the blood so rapidly that all of A is filled with foam ; 
after a few minutes, however, the effervescence subsides and all the 
blood collects in K, Then, raise the leveling-tube N until the blood 
reaches the cock h' and then close the latter. In this wmy the greater 
part of the gas absorbed is separated from the blood. Raise the leveling- 
tube open h'' so that the gas in A is under pressure, and by prop- 
erly opening h and the buret stopcock, drive over the gas into the 
measuring-buret C] when this is accomplished, close /i, lower N' until 
the mercury reaches the cock /i", which is then closed and h' opened. 
The blood again effervesces, but not so vigorously as before. Now 
surround the bulb K by water at 55°, which causes further effervescence 
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from the blood. As soon as the foam subsides, drive over again the gas 
into C and repeat the process of evacuating until the blood ceases to 



Fig. 130. 


effervesce. Finally read the vol- 
ume of the gas in C and note the 
temperature and pressure. Carry 
out the rest of the analysis as 
described on p. 717 or 724. 

The Transference of Gases in 

Sealed Tubes to the Apparatus 

Used for the Analysis 

Assume the gas to be con- 
tained in R, Fig. 131. Place a 
piece of thick-walled rubber tub- 
ing, containing a piece of heavy 
tubing r, over one of the short 
tubes connected with the three- 
way stopcock H. Turn the stop- 
cock so that the rubber tubing is 
above it, and fill the tubing with 
mercury. Then turn H 180° to- 
ward the left so that the left and 
upper tubes communicate with 
one another. As soon as the 
mercury begins to run out, close 
the stopcock. Then introduce 
one end of R into the rubber 
tubing containing the mercury 
so far that its drawn-out point 
reaches within r, and fasten the 
rubber tubing securely by wir- 
ing, using annealed iron wire 
because copper or brass wire 
would be likely to become amal- 
gamated with mercury. In a 
similar way, connect the other 
end of R with the rubber tub- 


ing filled with mercury of the 
leveling-tube N, and after this connect the stopcock H with the meas- 
uring apparatus W by means of the capillary tubing E. By raising 
the leveling-bulb Z, expel the air from W and the capillary E, and 
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allow iiiereury to vkn in the funnel T, Turn the stopcock H so that 
conimiinie-itiuii is established between R and IF, and open the ends of 
R by pressing the ea|')illanes against r and rh Then, by raising N 
and lowering K, lirive u\'er the gas into W. 



Calibrating Gas Measuring Vessels 

When vessels are purchased to be used in measuring gases, the cor- 
rectness of the calibrations should always be tested; the testing can 
be done with water or with mercury. The cahbration with w^ater is 
carried out in exactly the same way as was described for vessels to be 
used in measuring liquids (cf. pp. 465-471). The calibration by means 
of mercury will be illustrated by an example. Assume that it is de- 
sired to calibrate the apparatus shown in Fig. 132. The vessel must 
be thoroughly cleaned (cf. p. 465) and then placed in a vertical position 
as shown in Fig. 132 II. Connect the lower capillary a by means of 
thick-w^alled rubber tubing with a leveling vessel containing mercury, 
and cause the mercury to rise slowly in the vessel to a little above 
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the upper mark. Then close the stopcock, remove the leveling-tube 
together vdth the rubber tubing, and allow the mercury to flow out 
slowly until the highest point in the meniscus 
1 is exactly tangent to the horizontal plane through 
\ ck'q;'. To avoid a parallax error, take the read- 





ing with a telescope placed 2 or 3 mm away 
from the glass. Next allow the entire contents 
of the vessel, including the space in the stop- 
cock, to run into a tared flask, and weigh to 
the nearest centigram. After determining the 
temperature of the mercury, its volume can be 
found by means of the table (top of p. 689) 
prepared by Schlosser.* 

If the weight of the mercury at 20.3° amounted 
to 2025.26 g, then its volume corresponds to 

13 5483 ^mce, however, mercury 

forms a convex meniscus and the volume is 
desired up to the plane aa', it is evident that 
the volume of mercury weighed did not include 
the space a'a~aa', and, moreover, since the in- 
strument is to be used in the reversed position, 
the error is really twice as much, as is evident 
from the inspection of Fig. 132 I. This is called 
the double meniscus correction. Its value is de- 
pendent upon the bore of the tube, as is shown 
by the table on p. 689. 

If the diameter of the vessel in question is 20 mm, then the correc- 
tion, according to the table, would be 4.016 g, and the true volume 
2025.26 + 4^2 __ 2029.28 
13.5473 13h483 


Fig. 132. 


will be 


149.78. The volume of this in- 


strument, therefore, is 0.22 cm less than the intended 150 ml. The vol- 
ume of the narrower parts of the tube can be found in a similar manner. 

The diameter of the tube is best determined by filling with mercury 
up to a mark, then allowing it to run out until a lower mark is reached, 
weighing the escaped mercury, and measuring the distance between 
the two marks with a millimeter rule. If the weight of the mercury is p, 
the distance between the marks hj the temperature of the mercury 
20.3° then the 


diameter = 


V 

X TT X 13.5483 


* Schlosser and Grimm, Z, Ch&m. A'pp.-Kunde, 2, 201 (1907). 
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WEIGHT OF 1 ML OF MERCURY IN AIR AT TE.MPERATURES 
BETWEEN 15= AND 30" 

Normiil temperature 15 = 


cf ilere: 


Wei-L: 


Teruperature Wei;?ht 

>.;f Mercury 


Temperature Weight 

of Mercurj' 




15 

13.5593 

20 

13 54S9 

25 

i3.53S5 

15.5 

13.55S3 

20.5 

13.5479 

25.5 

13.5374 

Ifi 

13.5573 

21 

13.546S 

26 

13.5364 

16.5 

; 13.5562 ^ 

21.5 

13 . 545S 

26,5 

13.5353 

17 

13.5552 

22 

13.5A17 

27 

13.5343 

17,5 

13.5541 

22.5 

13.5437 

27.5 

13.5332 

IS 

13 . 5531 

23 

13 54-.’ti 

2S 

1 13.5322 

IS. 5 

i 13.5520 ' 

23.5 

13 5-116 

2S,5 

i 13.5312 

19 

: 13.5510 ; 

24 

i 13.540.5 

29 i 

i 13.5301 

19.5 

; 13.5499 

24.5 

13.5395 

29.5 i 

13.5291 


i ;■ 



30 1 

1 

13.52S0 


TABLE OF 2iIENISCUS CORRECTIONS* 

j Double Meniscus, ; Double Meniscus, ; Pimple Meniscus Cor- 

Diameter of ! Correction for Hg in ; Correction fopHeO in j ri-cr:-*;!. rLO -■ I:::,; in 


Tube in mm 

i mg 

1 

mg = milliliters 

iters 

3 

76 

12 

3 

4 

lOS 

20 

6 

5 

174 

31 

9 

6 

314 

44 

10 

7 

550 

61 

10 

S 

790 

81 

11 

9 

1038 

106 

15 

10 

12SS 

134 

20 

11 

1540 

167 

27 

12 

1796 

204 

36 

13 i 

2058 

245 

46 

14 

2326 

289 

59 

15 

2596 

336 

72 

16 

2872 

387 

S8 

17 

3152 

441 

104 

18 

3436 

499 

123 

19 

3726 

560 

143 

20 

4016 

624 

164 

21 

4314 

691 

187 

22 

4614 

757 

208 

23 

4920 

821 

229 

24 

5230 

881 

247 

25 

5544 

938 

264 

26 

5864 

991 

279 

27 

6185 

1042 

293 

28 

6515 

1090 

308 

29 

6845 

1135 

1 315 

30 

7182 

1179 

: 324 


* W. Scidosser. Private Communication. 
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In many cases it is sufficiently accurate to compute the diameter 
from the circumference of the tube and then subtract twice the thick- 
ness of the glass. 

If it is desired to determine the total volume of a 
tube provided with stopcocks at both ends, the ap- 
paratus is weighed empty and then filled with mercury. 
In this case, it is ob\dous that no meniscus correction 
is necessary. 

For a measuring vessel calibrated with water, when 
in a reversed position, the meniscus correction is ob- 
tained from the table on p. 689. If an instrument 
calibrated with water is to be used subsequently with 
mercury, the water meniscus in calibrating the reversed 
tube occupies a similar position to that of the mercury 
meniscus when the instrument is in use (see Fig. 132) 
but the mercury meniscus is not so deep as that of the 
water. The volume of the gas is therefore found as 
much too large as there is difference between the simple 
meniscus corrections for water and mercury. Thus if the volume of a 
gas-measuring instrument of 10-mm diameter is found by weighing 
with water to be 10.167, according to the table on 
p. 689, then if the instrument is to be used with 
mercury, the gas volume will be 10.167 — 0.020 = 

10.147 ml. 

Purification of Mercury. Lothar Meyer’s Method* 

The mercury used for gas-analytical operations 
must be purified. The principal impurities are cop- 
per, cadmium, zinc, and sometimes silver and gold. 

The base metals are removed most readily by 
allowing the mercury to run in a fine stream through 
about a meter of 8 per cent nitric acid. This is 
done in the apparatus shown in Fig. 134. First 
fill the bottom of the tube B with impure mer- 
cury and add the nitric acid. Then pour the mer- 
cury through the funnel A, the stem of which is 
drawn out to a capillary and bent to an angle of 
60°. This causes the mercury to take a zigzag course as it flows slowly 

* Z, anal Chem., 2, 241 (1863). C. J. Moore (Chem. Ztg., 1910, 735) has used a 
similar apparatus for purifying large quantities of mercury, but filters through 
buck-skin before allowing it to fall through the acid. 
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through the nitric acid. The drv’ mercury that first passes over into the 
flask C is impure and must be poured into the funnel and allowed to flow 
through the acid. In this way a fairly pure mercury is obtained which 
can be used as it is for most purposes. If the mercury is to be used for 
ca!:bra:.:r.g apparatus, it must be distilled. * 

For this purpose, Hulett's apparatus, shown in Fig. 13o, can be used. 
Place the mercury in the iong-neeked flask k and connect with the 
receiver F. Cover the 
flask with a nitiniie of as- 
bc^stos paper and heat on 
the sand-bath. Through 
the arm a, connect the 
receiver with a suction 
pump and introduce into 
the flask, through b and 
the long glass tube that 
ends in a capillary, a slow^ 
current of nitrogen (or 
carbon dioxide) w’hich 
has been dried by pass- 
ing over calcium chloride. 

Regulate the distillation 
so that the mercury con- 
denses in the glass arm 
w’here it leaves the mantle 
of asbestos paper. About 
150-200 ml of mercury 
can be distilled in an hour with this apparatus. Frequently, espe- 
cially when the nitrogen used contains a little oxygen, the distilled 
mercury is covered with a thin coating of oxide. This may be removed 
by filtration. To filter the mercur}^, perforate the point of a paper filter 
several times with a needle, place the filter in a funnel and pour the 
mercury upon the filter. The pure metal runs through the holes in 
the paper while the impurity remains behind. 

For the distillation of large quantities of mercury the apparatus* 
shown in Fig. 136 is suitable. Place the mercury in the container R 
(an inverted bottle with the bottom cut off). The tubing that rises 
above R is about 5 mm in diameter and that below" is only 2 mm wide. 
The flask K has a capacity of about 300 ml and is fastened by a clamp 
to an iron rod attached to the wall of the room. The lower end of the 


5 



Apparatus of M. Gony. 



7<>-cm;^ >1 K — — 76-cm 
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long neck of K reaches nearly to 
the bottom of R. By suction ap- 
plied at a produce a partial vacuum 
in K. This causes mercury to rise 
in the tube from R into K. Light 
the ring burner at B — upon 
which the flask K rests. Keep the 
suction working. The mercury soon 
boils and the vapor escapes into the 
tube but is condensed by the cooler 
liquid and falls in drops into the 
vessel c. As soon as all the air has 
been expelled from K, the lower 
half of the tube fills with mercury 
to a height corresponding to the at- 
mospheric pressure. The vessel c 
also fills. At this point remove 
from a the rubber tubing that leads 
to the source of the suction and 
collect the dropping mercury in a 
flask. 

To protect the flask K, wrap the 
lower half with wire gauze D and 
cover the upper half with a loose 
asbestos cap. 

Subdivisions of Gas Analysis 

According to the manner of de- 
termining the amount of gas, a dis- 
tinction is made between: 

1. Absorption Methods. 

2. Combustion Methods. 

3. Volumetric Methods. 

In an absorption method the mix- 
ture of gases is treated with a series 
of absorbents. The difference in 
the volumes of the gas before and 
after it has been acted upon by each 
absorbent represents the amount 
of gas absorbed. The absorption 
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of the gas may take place in the measuring-tube itself, or, whai is 
betttTj in separate absorption vessels. 

In this way, the ainuimt of carbon dioxide, heavy hydrocarbons 
(ethylene, benzene, acetylene, etc.), oxygen, and carbon monoxide may 
be deiermineil in illuminating-gas, producer-gas, water-gas, or Dowson 

gas.^ 

After the constituents capable of absorption have been removed, a 
gas residue is left consisting of hydrogen, methane, and nitrogen; 
the first two constituents are determined by combustion; the last is 
always determined by subtracting the total amount of other gases found 
from 100 per cent. 

For a combustion mmlysis the unabsorbed constituents of the gas 
mixture are mixed with air, or oxygen, in more than sufficient amount 
to ensure complete combustion, and burnt in a suitable apparatus; the 
amount of combustible gas is determined by measuring the contraction, 
the amount of carbon dioxide formed, and the excess of oxygen. 

Finally, if the gas evolved by means of a chemical reaction is meas- 
ured and from the volume of the latter the weight of the body producing 
it is calculated, we have made use of what is called a gas-rolumetric 
method. (Cf. Determination of Carbonic and Nitric Acids, pp. 350 
and 403.) 

Determination of Gases 

1, Carbon Dioxide, COo. Mol. Wt 44 

Density = 1.5290* (Air = 1). Weight of 1 1 — 1.976 g 
Molar volume = 22.26 1. Critical temperature = -fSl.o® C 

Carbon dioxide is absorbed to a considerable extent by water; 1 voL 
water absorbs: at O'", 1.7967 ml CO 2 ; at 15°, 1.0003 ml CO 2 ; at 25°, 
0.8843 ml CO 2 , or in general 

- 1,7967 - 0.07761 X t + 0.0016424 X f 

Ahsoi'hent, — Potasdnm Hydroxide Solution 1 : 2. 

One milliliter of caustic potash of the above strength will absorb at 
least 40 ml of COo. Sodium hydroxide solution is not used on account of 
the difficult solubility of sodium bicarbonate. 

* This number is the mean from the observations of Lord Rayleigh (1897) = 
1.52909, Leduc (1898) = 1.52874, and Christie (1905) = 1.52930. 

t ^ is called the absorption coefficient of the gas. This signifies the volume of 
gas, measured at 0® and 760 mm pressure, which 1 ml of a liquid at f will absorb 
when the pressure upon the surface of the liquid is 760 mm. If h milliliters of liquid, 
at f and B millimeters pressure, absorb Yt milliliters of the gas, then the absorption 

Yt 

coefficient can be computed by the equation: ^ ^ ~{Y ^ cd) * 
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Small amounts of CO2 msLy be absorbed by means of a definite vol- 
ume of standard Ba(OH)2 solution, and the excess of the latter titrated 
with 0.1 HCl, using phenolphthalein as indicator. (See p. 534.) 

2 . Carbonyl Sulfide, COS 

Density = 2.0999 (Air = 1). Weight of 1 1 = 2.7147 g. Molar volume = 22.13 1. 

— 47 . 5 °. Density of liquid COS, 1.0604. Critical 

Vapor pressure of liquid COS in atmospheres: 0° = 14.5, 5® == 17.4, 22.8° = 20. 
41® - 28.1, 67° = 36.7, 74° = 48.4, 94° = 62.9, 102° = 00 . 

Formation. — 

1. Hydrolysis of thiocyanic acid: HCNS + H2O = NHs + COS. 

2. Passing CO and CO2 over boiling S: CO + S = COS. 

6 CO2 + 9 S = 3 SO2 + 

3 . Action of phosgene on metal sulfides: CdS + COCI2 = CdCl2 + 
COS. 

4 . Decomposition of thiocarbamate with 10 per cent hydrochloric acid : 

C = 0 + 2 HQ = 2 NH4CI + COS 

6 . Heating pyrite with potassium oxalate. 

Carbonyl sulfide is colorless, odorless, and tasteless. It shows the 
following behavior toward reagents: 

1. Water absorbs an equal volume of gas at ordinary temperatures. 
The solution is odorless and tasteless at first but soon hydrolyzes slightly: 
COS + H2O = CO2 + H2S. 

2. Dilute caustic potash solution does not absorb COS much better 
than water does. Concentrated caustic potash solution absorbs it, form- 
ing potassium carbonate and sulfide: COS + 4 KOH = K2CO3 + K2S 
+ 2 H2O. The absorption is so slow that COS can be freed from CO2 
and H2S by washing with potassium hydroxide solution. Alcoholic 
caustic potash absorbs COS quickly and completely. 

3 . Amrmnia. Concentrated ammonium hydroxide solution absorbs 
COS slowly but completely, forming ammonium thiocarbamate: COS 
+ 2 NHs = NH2COSNH4 and in the presence of hydrogen peroxide, 
sulfate and carbonate are formed: 

COS + 4 H2O2 + 4 NHs = (NH4)2S04 + (NH4)2C03 + 2 H2O 

4 . Barium hydroxide solution does not give a precipitate at once as 
with CO2 but after about 1 minute a turbidity results. 
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5. Xeutrai or ax*id solutions of silver niMe or lead acetate do not give 
proeipitaies uf <ulfi(L‘ for about S minutes. In an ainnioniaeal solution 
of silver or ziiic*. or in a eaustie aikali solution of lead salt^ a precipitate 
of sal fide is formed inimediately. 

6. Copper in acid sulutiun absorbs almost no COS. 

7. lodCiC in neutral or alkaline solution has very little oxidizing effect. 
Chlorine and bromine act only slightly at ordinary temperatures. 

S. BromCit in alkaline sulutiuns oxidizes COS readily: COS + 4 Big 
■r 12 KOH = K.CO, -- ICSO4 -r S KBr t- 6 H2O. 

9. FiimOig ^alfa/ie acid absorbs COS at room temperature without 
much oxidation: on being heatedj sulfuric acid and CO2 are formed. 

10. Triclkpl pkospliine does not absorb COS (Difference from CS2). 

11. Palladous chloride absorbs COS quickly and quantitatively at 
40-50^- PdClo ^ COS -- HoO = 2 HCl -f- CO2 - PdS. 

12. YlLxed vdth 1.5 volumes of oxygen, COS burns with explosive 
\iolence and blinding light. In contact with glowing platinum COS 
decomposes smoothly into CO and S without change in volume. 

Preparation of Pure Carbonyl Sulfide. Method of Klason* 

The method is based upon the hydrolysis of potassium thiocyanate 
with dilute sulfuric acid: 

KCXS -f 2 H0SO4 + H2O = KHSO4 + XH4HSO4 + COS 

The reaction is not quite so simple as the above equation w’ould in- 
dicate, for besides the products showm some CO2, SO2, CO, HoS, HCN, 
CS2, C2H5SH, and HCO2H are formed. 

Dissolve 195 g of potassium thiocj-anate in 100 ml of water and 
pour the solution in a cooled mixture of 2460 g concentrated sulfuric 
acid and 1900 ml of water in a 2.5-1 flask. The solution is pink at 
first, then violet, and finally yeHowu The evolution of gas starts at 
18^^ but soon becomes so \iolent that it is necessarj^ to cool with ice. 
After the evolution of gas slackens, warm gently on the w^ater-bath, but 
do not let the temperature rise above 30°. To purify the gas, pass it 
first through a saturated, aqueous solution of copper sulfate mixed 
with an equal volume of concentrated suKuric acid, then through 33 
per cent caustic potash solution; in this way HoS, CO2, HCN, and 
HCOoH are removed completely. To remove CS2, wiiich is always 
present, pass the gas through a mixture of 1 part triethyl phosphine, 
9 parts pyridine, and 10 parts nitrobenzene. Dry the COS by passing 
it through 2 w'orm tubes cooled with salt-ice mixture, then through a 


' J. prakt Chem.j 1887, 64. 
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calcium chloride tube, and finally through 2 phosphorus pentoxide tubes. 
Liquefy the gas by cooling with ether and carbon dioxide snow and 
seal it into glass tubes. 

To make use of the gas, transfer it to a small, perfectly dry gasometer 
and keep it over mercury. To fill the gasometer, first chill the contents 
of a sealed tube with ether and carbon dioxide snow, break off the point 
of the tube, and connect uith the gasometer, using dry rubber tubing. 
Take the tube out of the freezing mixture and hold it loosely in cotton 
containing a little carbon dioxide snow. Reject the first quarter of 
the gas through the stopcock of the gasometer, letting it escape under 
a good hood. 


Quantitative Determination of Carbonyl Sulfide 

(A) Determination of COS and CO 2 in the Presence of Each Other 

Absorb the two gases in an ammoniacal solution of calcium chloride’ 
calcium carbonate and ammonium thiocarbamate are formed. Add 
neutral hydrogen peroxide, boU, filter off the calcium carbonate, care- 
fully avoiding contamination from the carbon dioxide in the air, wash 
with hot water, dissolve in T milliliters of O.llM hydrochloric acid, and 
titrate back with 0.1 iV sodium hydroxide elution (p. 514). The differ- 
ence T - t multiplied by 1.113 gives the volume of the original CO 2 (at 
0° and 760 mm) together with that formed from the COS. Evaporate 
the filtrate to small volume, make acid with hydrochloric acid, and 
determine the sulfuric acid as barium sulfate (p. 415). If the weight of 
BaS 04 is f grams then 94.8 p milliliters of COS were present, measured 
under standard conditions. It may be assumed, without serious error, 
that an equal volume of CO 2 was formed from it. 


Remark. This method of analysis is suitable for the determination of large 
quantities of COS and CO. If but little COS is present mixed with considerable 

? . if ^ ^ paUadous chloride solution 

heated to SO The COS is decomposed quantitatively into an equivalent quantity 

°M precipitate, dissolve it in hydrochloric acid and potassium 

cnlorate, and determine the sulfur as barium sulfate. 


(B) Determination of COS, H 2 S and CO 2 in a Mixture 

First determine the hydrogen sulfide content by bubbling the gas 
through a measured volume of 0.1 iV iodine solution until it is nearly 
decolorized. Determine the excess of iodine by titration with sodium 


* Chem. Ztg., 1914, 1075. 
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tMosiiifate solution. If t milliliters of 0.1 -V iodine were used in reaction 
witli HsSj then I.IOS t milliliters of H2S were present, measured under 
standard conditions. 

In a second equally large volume of the gas absorb the three gases in 
an amiiioniaeal solution of calcium chloride. Afterwards boil T\ith hy- 
drogen peroxide and continue the analysis as in Method A. Assume 
that U milliliters of 0.1 .V acid were neutralized by the calcium carbonate 
and that p grams of BaS 04 was formed. Then 

COS ~ (p — t X 0.01167) 94.8 ml at 0° and 760 mm 
CO2 = iiX 1-113 - (p - tX 0.01167) 94.S ml at 0° and 760 mm 


The Heavy Hydrocarbons 

Ethylene (Ethene), C2H4; Benzene, C^He; Acetylene (Ethine), C2H2 

3. Ethylene, C2H4.* Mol. Wt 28.03 

Density = 0.973S fair = 1). Weight of 1 1 == 1.256 gf 
Molar volume = 22.27. Critical temperature = 4-9® C 

Preparation of Ethylene. — One of the most satisfactory" methods 
consists in treating an alcoholic solution of ethylene bromide with zinc 
dust:; 

^2 + Zn = ZnBr2 + G2H4 

In the neck of a round-bottomed, short-necked, 200-mi flask insert 
a rubber stopper with 3 holes, carrying respectively a safety- tube pro- 
vided with mercury seal, a gas delivery tube, and a dropping funnel 
In the flask place a sufficient amount of zinc dust, moistened with alco- 
hol, and gently heat at the start by placing the flask in a bath of water 
at about 50°. From the dropping-funnel slowly introduce a mixture 
of 1 part ethylene bromide and 20 ^arts absolute alcohol. Pass the 
escaping gas first through ohve oil, to remove a little ethylene bromide 
wffiich is carried over mechanically, then through caustic potash solution, 
and finally through water; collect over mercury, for example, in the 
Drehschmidt pipet (Fig. 131, p. 687). The gas thus obtained is nearly 
pure, particularly if the mixture of ethylene bromide and alcohol has 
stood for some time over anhydrous sodium carbonate to remove traces 
of hydrobromic acid. 

* And its homologues. 

t T. Batuecas, Helv. Chim. Acta, 1, 136 (1918). 

t Gladstone and Tribe, Ber., 7, 364 (1874). 
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Absorption Coefficient for Water 

One volume of water absorbs at 0 ° 0.256 ml C 2 H 4 ; at 15° 0.161 ml C 2 H 4 ; 
at 20° 0.149 ml C 0 H 4 ; or in general, ^ = 0.2563 — 0.009136 t + 
0.0001881 fr. 

Alcohol absorbs more eth^^ene; the general formula is /S = 3.5945 - 
0.07716-f. + 0.0006812-^A 

Ahsorhenis. — 1. Fuming sulfuric acid* * * § (with 20-25 per cent free 
SO3), 1 ml absorbs 8 ml of C2H4. According to Bonej, oxygen is 
also absorbed appreciably, but hydrogen and nitrogen are not. 

2. Bromine water, t 

With bromine, ethylene bromide, C 2 H 4 Br 2 , is formed. If a standard- 
ized bromine water is used for the absorption, the amount absorbed can 
be determined by titrating the excess of bromine . This excellent method, 
proposed by Haber, § is at present the best known for the determination 
of ethylene in the presence of benzene. (See p. 701.) 

Ammoniacal cuprous chloride solution will also absorb ethylene. 

4. Benzene, CeHe. Mol. Wt. 78.05 

Under standard conditions, 78.05 g of benzene vapor occupy a volume 
of 22.39 1. 

Benzene is readily soluble in alcohol, ether, carbon bisulfide, caout- 
chouc, ethylene bromide, bromine, and fuming sulfuric acid. 

Absorbents. — Fuming sulfuric acid|| and bromine water containing 
an excess of bromine. After the solution has been used once, the ab- 
sorption is incomplete. 

Inasmuch as benzene is neither brominated nor oxidized by bromine 
at ordinary temperatures, it was difficult to understand why bromine 
water should absorb it quantitatively. In fact, Berthelotf and Cl. 
Winkler** disputed it, but the results of Treadwell and Stokes ff have 
been confirmed by Haber. Haber suggested that the absorption of 
benzene by bromine was of a purely physical nature, and M. KorbulyJ | 
has shown that such is the case. Just as bromine can be removed from 

* Ethionic aeid, C 2 H 6 S 2 O 7 , and carbyl sulfate, C 2 H 6 S 2 O 7 are formed. 

t J. Chem. Soc., 61, 879 (1892). 

t Treadwell and Stokes, Ber., 21 , 3131 (1888). 

§ Haber and Oecbelhauser, Ber.y 29 , 2700 (1896); 

II Benzene sulfonic acid is formed, ' 

^ Compt. rend., 83 , 1255. 

** Z. anal. Chem., 1889 , p. 281. 

tt Treadwell and Stokes, loc. dt. 

It Inaug. Dissertation, Zurich, 1902. 
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aqueous solution by shaking with benzenCj so benzene can be removed 
by shaking with bromine j or even ethylene bromide and like solvents. 

By nieaiis of iiighiy concentrated nitric acid (d, L52) benzene is also 
absorbed : this solvent cannot be used in the analysis of gases contain- 
ing carbon monoxide, for this gas is quantitatively oxidized to carbon 
dioxide by nitric acid of this strength, and is therefore removed with 
the benzene* when the acid vapors are neutralized by caustic potash 
solution. 


Behavior of Benzene to Water 

Benzene vapors are absorbed to a considerable extent by water and 
all aqueous salt solutions, a circumstance which must be considered 
when an exact gas analysis is to be made. To determine how much 
benzene is absorbed by water, M. Korbuly performed the following 
experiments: 

Different amounts of air containing 3.16 per cent of benzene vapor 
were shaken in a Drehschmidt's pipet with the same amount of water 
(5 ml) until no more benzene was absorbed. He obtained the fol- 
lotving results: 


Experiment 

Gas Taken in ml 

Per Cent Benzene 
Present by Volume 

Amount of Benzene Absorbed at tbe End 
of 3 Minutes 

1 

5S.92 

3.16 

1.28 mi = 2.17^ 

2 

61.14 

3.16 

0.80 mi = 

3 

58.32 1 

3.16 i 

0.52 ml = 0.89% 

4 

59. S6 I 

3.16 ! 

0.44 ml = 0.73% 

5 

60.78 i 

3.16 

0.28 mi = 0.46% 

6 

59.88 

3.16 

O.OSml = 0.01% 

7 

60.20 1 

i 

3.16 

0.02 ml = 0.00% 


Potassium hydroxide behaves similarly. 

In the analysis of a mixture of carbon dioxide and benzene, it is 
customary to first remove the carbon dioxide by means of potassium 
hydroxide solution and then the benzene with fuming sulfuric acid or 
bromine. It is evident, then, that both of the results obtained will be 
inaccurate if a fresh solution of potassium hydroxide is used for the 
absorption of the carbon dioxide, for this will absorb not only the whole 
of the carbon dioxide, but in many cases nearly all the benzene. Ac- 
curate results may be obtained by using a solution of potassium hy- 
droxide which has been saturated with benzene vapors. 


' Treadwell and Stokes, he, dt 
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5. Acetylene, CoHo. Mol. Wt. 26.02 

Density = 0.90S7 (air = 1 ).* * * § Weight of 1 1 = 1.175 g 
Molar volume = 22.03 1. Critical temperature = + 37 ° C 
Boiling point = —80.6° C 

Acetylene is quite soluble in water; 1 volume of water at the ordinary 
temperature absorbs an equal volume of this gas. In amyl alcohol, 
chloroform, benzene, glacial acetic acid, and acetone it is much more 
soluble; thus 1 volume of acetone absorbs 31 volumes of acetylene. f 


Preparation of Pure Acetylene 

(a) Method of M. BretschgerX 

Pass the crude acetylene, prepared from calcium carbide and water, 
through an acid solution of copper sulfate, then through aqueous chro- 
mic acid, caustic potash, and finally over slaked lime; then subject to 
a fractional distillation. Pass the gas through a small bulb cooled by 
liquid air which causes the acetylene to solidify. Afterwards, by gently 
heating, evaporate off the acetylene and dry the gas by passing it 
through calcium chloride tubes. 


(b) Method of M. Stahrfoss and P, A, Ouye 

Pass the impure acetylene, prepared from calcium carbide and water, 
through a solution of potassium permanganate, then through caustic 
potash solution and finally over phosphorus pentoxide. Freeze by 
means of liquid air and then fractionate. 

The method of preparing acetylene by decomposing copper acetylide 
cannot be recommended, because the gas is then strongly contaminated 
with ethylene (C2H4) and vinyl chloride (C2H3CI). 

Absorbents, — Fuming sulfuric acid.§ By saturated bromine water, 
acetylene is absorbed rapidly in the cold, but 0.1 N bromine water con- 
taining hydrochloric acid absorbs acetylene so slowly that it permits 
the titration of ethylene in the presence of acetylene (see p. 747). 

By means of ammoniacal cuprous chloride, acetylene is 'absorbed 
and forms red copper acetylide (Cu2C2H2)0. This reaction is so 
characteristic that it is used for the 


* M. Bretschger (Imug. Dissert^ Zurich, 1911), M. Stahrfoss and P. A. Guye 
(Arch. soi. phys. nat.f 28, 1909). The mean of their two values is used, 

t Hempel, Gasanalytische Methodm. 

t Loc. dt 

§ C 2 H 4 SO 4 is formed. 
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Qualilative Detection of Acetyle?}e 

in gas mixtures. This test is best performed by the method of L. 
liosvay von Xagy liosva.^ 

Preparation of the Reagent. — Place 1 g of copper nitrate (chloride 
or sulfate) in a 50-mi !:iv-:.'U:’ir.g-nask and dissolve in a little water. 
To the solution j add 4 mi of concentrated ammonia (20-21 per cent 
XHg) and 3 g of hydroxylamine hydrochloride. Shake the liquid until 
it becomes colorless, and immediately dilute with water up to the mark. 

The Qualitaiire Test. — Place a little of the reagent in a 500-ml 
glass-stoppered cylinder and pass the gas to be tested for acetylene 
(iilimiinating-gas) over it until the color of the reagent becomes pink. 
Stopper the cylinder and shake. If acetylene is present, a beautiful 
red precipitate is immediately formed. Another method of making 
the test is to pass the gas through a small bull>tube containing glass 
wool moistened with the reagent. 

Retnark. — If the reagent is placed under kerosene it can be kept for about a 
week, but if copper wire is added to the solution, it can be kept much longer. The 
solution is much less permanent when it is prepared from the chloride or sulfate, 
even when copper is added to it. 

Separation of the Heavy Hydrocarbons from One Another 

It has been attempted repeatedly to separate ethylene from benzene, 
but usually in vain. The separation as proposed by Berthelot, of 
absorbing the ethylene with bromine water and afterw^ards removing 
the benzene by means of concentrated nitric acid, is erroneous in every 
respect, t The method of Harbeck and Lunget is correct in principle 
but very tedious, and the original modification of Pfeiffer§ alw^ays gives 
too high results. 

Recently Pfeiffer] [ has improved his method so that it gives the 
same results as that of Harbeck and Lunge. 

Haber and Oechelhauser,^ on the other hand, have demised a method 
w^hich is accurate and to be recommended. 

Principle. — In one portion of the gas, the sum of the ethylene and benzene is 
determined by absorption with bromine water or fuming sulfuric acid, wMe in a 
second portion the gases are absorbed in titrated bromine water, and the excess of 

* Berichte, 32 (1899), p. 2698. 

t Treadwell and Stokes, he. cit. 

f Z. aned. Chem.f 16, 26 (1898). 

§ J. f. Gashdeuchtung und Wasserversorgung, 1899, 697, and Ber.j 29, 2700. 

II See Chem. Ztg., 1904 (884). 

if J. Ga£>eleiLchtung und Wasserversorgungj 1896, 804, and B&r., 29, 2700. 
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the latter is determined iodometrically. From the amount of bromine required the 
ethylene is calculated: 

1 ml OAiY I = 1.113 ml C 2 H 4 at 0° C. and 760 mm pressure 

As this analysis is performed in the Bunte buret, it will not be ex- 
plained in detail until this has been described. (See p. 747.) 


6. Oxygen, 0 - 16. Mol. Wt. 32 

Density = 1,1053 (air — 1). Weight of 1 1 = 1.4289 g 
Molar volume = 22.39 1. Critical temperature = —119° C 

Oxygen is only slightly soluble in water; according to the experiments 
of L. W. Winkler,* 1 1 of water will absorb the following quantities of 
oxygen and nitrogen from air at 760 mm pressure: 

ABSORPTION OF ATMOSPHERIC AIR BY WATER 


Temperature 

Oxj’gen 

Nitrogen 

Air 

. ; "■ 

mlv-- 

ml. 

ml. 

0° 7.... 

10.24 

is. 57 

28.81 

5^^ : 

8.98 

16.45 

25.43 

10°. .V.-. 

7.97 

14.67 

22.64 

15° 

7.16 

13.29 

20.45 

20° . .. 

6.50 

12.19 

18.69 

25° 

^ " 5.93 

11.31 

17.24 

30°.- ; 

"^5.47 

10.59 

16.06 

35° 

5.11 

9.92 

15.03 

-40°.. ; 

- 4.83 

9.35 

14.18 

45°:...,.., 

4.58 

8.93 

13.51 

50°. . . .'.-Tr. . . . 

4.38 

8.59 

12.97 

55° ^ 

4.22 

8.31 

12.53 


From these data, the absorption coefficient of pure oxygen for water 
at 0-55° camhp computed. 

ABSORPT'ION^OEFI'ICIEN'TS OF OXYGEN FOR WATER 
« — 

Temjierature Temperature 


0 

0.04890 

5 

0.04286 

10' 

0.03802 

15' 

0.03415 

20' 

0.03102 

25' 

0.02831 


SO 

0.02608 

35 

0.02440 

40 

0.02306 

45' 

0.02187 

50' 

0.02090 


0.02012 


Oxygen can be determined by combustion or by absorption. 


Ber., 34, 1410 (1901). 
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Determination of Oxygen by Combustion 

The detcmiiiiatioii of oxygen by combustion may be effected by 
exploding it with hydrogen (Bunsen) or by conducting a mixture of 
the two gases through a glowing platinum capillary (Drehschmidt)^ 
exactly as in the dcAemiination of carbon monoxide (cf. p. 708). In 
both eases the combustion takes place in accordance with the equation: 

00 -- 2 H. = HoO 

1 vol. - vui?. 0 vol. 

Three volumes of gas, therefore, disappear for each volume of oxygen 
present. If the contraction resulting from the combustion of a mixture 
of oxygen and an excess of hydrogen is designated by Fc, then the 
amount of oxygen present = -|Fc. 

Determination of Oxygen by Absorption 

The absorbents of oxygen are: 

1. Alkaline Pyrogallol Solution (Liebig) 

Alix 1 vol. of 22 per cent aqueous ptTogallol solution with 5~6 times 
as much 60 per cent potassium hydroxide solution. One milliliter of this 
solution absorbs 12 ml of oxygen. 

At a temperature of 15°, or higher, the absorption takes place quickly; 
the oxygen in 100 ml of air will be absorbed in 3 minutes or less. At 
low’^er temperatures the absorption takes place less readily and at 
0° the above quantity of oxygen cannot be absorbed completely in 
half an hour. 

A pyrogallol solution of the above concentration will not evolve car- 
bon monoxide during the absorption. 

2 . Phosphorus (Lindemann) 

The absorption of oxygen by means of phosphorus takes place by 
simply allowing the gas containing the oxygen to remain over moist 
phosphorus. The formation of white clouds indicates the presence of 
oxygen, and their disappearance shows that the absorption is complete. 
A temperature of 15-20° is best suited for the absorption. 

The oxygen is completely absorbed at the end of 3 minutes from 
100 ml of air at this temperature. At lower temperatures the absorp- 
tion requires more time, and at 0° more than an hour is necessary. 

If the gas contains more than 60 per cent of oxygen, moist phosphorus 
will absorb none of it at the ordinary atmospheric pressures. In this 
case the gas must be diluted with nitrogen or hydrogen until a mixture 
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is obtained containing less than 60 per cent oxygen, or the gas must be 
allowed to act upon the moist phosphorus under diminished pressure. 
In the latter case, however, the phosphorus easily becomes heated 
enough to melt it and the reaction becomes too violent. 

Oxygen is not absorbed by moist phosphorus if the gas contains 
traces of ■hea'v^ hydrocarbons, ethereal oils, alcohol, or ammonia. 
According to Hempel* 0.04 per cent of ethylene, and according to 
Haber t 0.17 per cent, suffices to prevent completely the absorption of 
oxygen. 

3. Chromous Chloride 

Consult the paper by Otto von der Pfordten, Ann. Chem. Phys. 228, 
112 . 

4. Copper 

Conduct the gas over glowing copper, or introduce it into a Hempel 
pipet containing rolls of copper gauze and an ammoniacal solution of 
ammonium carbonate. 

5. Sodium Hyposulfite^X Na 2 S 204 (Franzen§) 

An alkaline solution of sodium hyposulfite is an excellent absorbent 
for oxygen. The reagent may be prepared for use in the Hempel 
pipet by dissolving 50 g of the salt in 250 ml water and 40 ml of 60 
per cent caustic potash solution. For absorption in the Bunte buret, 
the above solution is too concentrated; in this case 10 g hyposulfite 
in 50 ml water and 50 ml of 10 per cent caustic soda may be used. 

The absorption takes place in accordance with the equation: 

2 Na 2 S 204 + 2 H 2 O + Os = 4 NaHSOs 

Sodium hyposulfite has the advantage over other absorbents that 
the absorption is always complete at the end of 5 minutes. 

Determination of Absorbed Oxygen in Water. Method of 
L. W. WinMerll 

1000 ml 0. 3 solution = ^ = 0.8 g == 559.8 ml oxygen at 0° and 

760 mm pressure 

* Gasamlytische Methoden. 

t Experimerdal-Unte^^ uher Z&rsetzuv^m und Verhrennungen von Kohlen- 

wasserstoffen, Habilitationschrift, Munich, 1896. 

t Not to be confused with sodium thiosulfate which is often called ^‘hyposulfite 
especially in the trade. 

§ Ber., 39 , 2069 (1896). 

li IMd., 21 , 2843 (1888). 
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Pnndpk. — If water containing dissoived oxygen is lieated in a closed vessel 
with maiigaiiese hydruxide, tlie latter is oxidized to manganous acid according to 
the lollowina eouatio!!: 

Mii OH , -i- O = IhMiiO, 

The amount of oxygen taken up is determined iudometrically by adding hj^drochloric 
acid aral potassium iodide to the manganous atdd and titrating the li!)erated iodine: 

H,:\In 03 -f- 4 HCl = MiiCl, u- 2 H,0 r Cl, and 2 KI + Cl^ - 2 KCI -h I 2 

Reagents Required. — 1. An approximately 4 A" MnCh solidmi ob- 
tained by dissolving 400 g of iMnCl2*4H20 in water and diluting to 
1000 ml. The manganese chloride must be free from iron. 

2. Sodium Hydroxide Solution Containing Potassium Iodide. — On 
account of the nitrite usually present in commercial sodium hydroxide, 
prepare the solution from sodium carbonate and calcium hydroxide. 
Siphon off the clear liquid and concentrate in a silver dish until its 
density is 1.35. In 100 ml of this solution, dissolve 10 g of potas- 
sium iodide. 

A portion of the alkaline potassium iodide solution on being acidified 
with hydrochloric acid should not immediately turn starch paste blue, 
and, furthermore, large amounts of carbonate must not be present. 

3. 0.1 A" Sodium Thiosulfate Solution. 

Procedure. — Take a glass-stoppered flask of about 2o0-ml capacity 
and determine its exact capacity by weighing it first empty and then 
filled with water at 20®. If the water to be analyzed is saturated 
with air, simply pour it into the flask; otherwise conduct the water 
through it for 10 minutes. By means of a pipet reaching to the bot- 
tom of the flask, introduce 1 ml of the alkaline potassium iodide solution 
and immediately afterwards 1 ml of the manganese chloride solution. 
Stopper the flask, shake, and allow to stand until the precipitate has 
settled. Then, by means of the long-stemmed pipet, add about 3 mi 
of concentrated hydrochloric acid and once more shake the contents of 
the flask. The precipitate dissolves readily with liberation of iodine; 
titrate the iodine with sodium thiosulfate in the usual way. 

Remark. — The results obtained by this method agree closely with those obtained 
by boiling the water as described on p. 6S4. 

7. Carbon Monoxide, CO. Mol. Wt 28.00 

Density = 0.96702 (air = 1). Weight of 1 i = 1,2502 g 
Molar volume = 22.397 1. Critical temperature = —136° C 

Preparation. — Heat concentrated sulfuric acid in a fractionating 
flask to a temperature of 140®-160® upon an oil-bath, and allow formic 
acid (d. 1.2) to drop into it: 

HCOOH = H 2 O + CO 
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To free the escaping gas from water and acid vapors, pass it first 
through a Liebig condenser, which leads to an empty flask to receive 
the condensed water, and thence into a concentrated caustic potash 
solution. 

This method* ^fields about 60 1 of carbon monoxide in half an hour, 
using about 500 ml of concentrated sulfuric acid. The method of 
Wade and Panting, f according to which very pure carbon monoxide 
can be prepared by allowing concentrated sulfuric acid to drop upon 
potassium cyanide, is not, according to Allner, a suitable process for 
preparing large quantities of the gas; because considerable potassium 
cyanide becomes coated with pyrosulfuric acid during the reaction, so 
that there is considerable danger involved in working with the residues. 

By the action of hot concentrated sulfuric acid upon oxalic acid, it 
is very easy to prepare a mixture of equal volumes carbon monoxide 
and carbon dioxide; on account of the large amount of the dioxide, 
however, this method is less satisfactory than that of Allner. 

The gas is only very slightly soluble in water: 

ABSORPTION COEFFICIENTS OF CARBON MONOXIDE FOR WATERJ 


Temperatxire 




Temperature 


0° 

0.03537 

0.03149 

0.02816 

0.02543 

0.02319 

0.02142 

30° 

0.01998 

0.01877 

0.01775 

0.01690 

0.01615 

0.01548 

5° 

35° 

10*" 

40° 

15° 

45° 

20° 

50° 

25° 

55°. . 




t L. W. Winkler, Ber,, 34, 1414 (1901). 


In alcohol the gas is about 10 times more soluble than it is in water. 

Its determination is effected either by absorption or by combustion. 

Absorbents. — Ammoniacal Cuprous Chloride. Shake 200 g of com- 
mercial cuprous chloride in a closed flask with a 25 per cent solu- 
tion of ammonium chloride, and to every 3 volumes of this mixture 
add 1 volume of ammonia, d. 0.91. In order that the solution may re- 
main active, place a spiral of copper wire into the flask, long enough 
to reach from the bottom up to the stopper. 

One milliliter of this solution will absorb 16 ml of carbon monoxide. 

Formerly it was the almost universal custom to absorb carbon mon- 
oxide by means of a hydrochloric acid solution of cuprous chloride, but 
today this is not done for the following reasonsy^ The absorption of 

* W. Allner, Inorg. Dissert., Karlsruhe, 1905. 

t J. Chem. Soc., 73, 255. 
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carbon monoxide by means of cuprous chloride takes place according 
to the equaiion: 

Cu-jCk ^ 2 CO Cu2Cl2*2CO* 

The Cu 2 Cl 2 * 2 CO is extremely unstable and can be formed 

only when iliere is a certain pressure exerted by the carbon monoxide, 
so that when the acid solution is used the absorption will never be 
quanritarive. Furtlier, if a gas free from carbon monoxide (nitrogen or 
hydrogen) is shaken with such a solution after it has been used several 
times, a part of the Cii 2 Cl 2 - 2 CO in solution will be decomposed accord- 
ing to the above equation in the direction of right to left, until the par- 
tial pressure of the carbon monoxide set free is sufficient to restore 
equilibrium. Consequently the volume of the gas will appear greater 
after it has been treated with the cuprous chloride solution than it 
was originalhn 

Mffien an ammoniacal cuprous chloride solution is employed, the 
absorption of the carbon monoxide is almost quantitative, but after 
such a solution has been used repeatedly it will readily give up some of 
the gas, although not so readily as the solution of cuprous chloride in 
h^'drocliloric acid or calcium chloride, f It is adtisable, therefore, to 
adopt the suggestion of Drehschmidt, and first absorb the greater part 
of the gas by means of an old solution of cuprous cliloride, afterwards 
removing the last traces by means of a freshly prepared solution, or 
one which has been used but a few times. 

Besides carbon monoxide, the ammoniacal cuprous chloride solution 
will absorb acetylene, ethylene, etc., so that these gases must be re- 
moved pre\iously by means of fuming sulfuric acid or bromine water. 

By long shaking vith concentrated nitric acid (d. 1.5), carbon mon- 
oxide is completely oxidized to carbon dioxide, and the latter can be 
removed by treatment with potassium hydroxide solution.! 

Determination of Carbon Monoxide by Combustion with Air or Oxygen 

The following reaction shows how carbon monoxide may be deter- 
mined by combustion: 2 CO + O 2 = 2 CO 2 . 

2 vols. 1 vol. 2 vola. 

From the reaction it follows: 

* The compound has been isolated in the solid state. According to W. A. Jones 
{Am. Chem. J., 22, 287) its formula is Cu2Cl2-2C0-4E[20, but according to the 
experiments of C. v. Girsewald in the author's laboratory, the formula is Cu 2 CIr 
2C0-2H20. 

t Cuprous chloride is soluble in a concentrated solution of calcium chloride, 
1 ml of this solution absorbs 12-15 ml of CO. 

t Treadwell and Stokes, Ber., 21, 3131 (1888). 
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1. The difference in the volume of the gas mixture before and after 
the combustion is for 2 vois. CO; 3 — 2 = 1 and for 1 vol. CO = 
This difference is designated as the contraction, 7c. The contraction 
caused by the coinhustion of carbon monoxide is, therefore, equal to half 
the original volume of CO. 

2. The volume of the carbon dioxide formed is equal to the volume of 
the carbon monoxide originally present If, then, the carbon dioxide 
is determined by absorption with caustic potash, the volume of the 
carbon monoxide is at once obtained, provided no other combustible 
gas containing carbon is present at the same time. 

3. For the combustion of 2 vols. of CO, 1 vol. of oxygen is necessary, 
and consequently the amount of oxygen consumed is equal to half the 
volume of the carbon monoxide. 

Methods of Effecting the Combustion 

The combustion of the carbon monoxide can be carried out in several 
different ways: (1) By explosion. (2) By conducting the gas over 

glowing palladium or platinum. (3) By 
conducting the gas over copper oxide. 

1. Combustion by Explosion, — Mix 
the gas with a sufficient amount of air 
in a measuring buret, such as is shown 
in Fig. 131, and connect the buret by 
means of the capillary E with the Hem- 
pePs explosion pipet shown in Fig. 137. 
Drive over the gas into the pipet so that 
the capillary is entirely filled with mer- 
Fig. 137 . cury, close the stopcocks of the capil- 

lary and of the explosion pipet, and cause 
an electric spark to pass between the two platinum points which are 
fused into the glass walls of the pipet; this immediately causes an ex- 
plosion to take place. Afterwards once more drive the gas back into 
the measuring buret, and again determine its volume. The difference 
in volume before and after the explosion represents the contraction. 

This most excellent method can sometimes lead to erroneous results. 
In practice, it is usually desired to determine the amount of com- 
bustible gas in a mixture containing nitrogen obtained after treat- 
ment with the different absorbents. If the amount of combustible gas 
present is too small in proportion to the amount of non-combustible 
gas, there will be no combustion whatsoever; on the other hand, if this 
relation is too large, a part of the nitrogen will be burnt to nitric acid 
(hydrogen is usually present). According to Bunsen, the combustion 
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is complete when 30 parts of combustible gas are present for each 
100 pafts of non-combustible gas. Consequently, if tlic explosion 
method is to be used for the analysis, the approximate composition 
of the gas must be known. 

2. Comhiislion hy Conducting the Gas over Glowing Palladiiun or Plat-- 
iniim. — This is tlie most certain of ail methods for effecting the com- 
bustion, because it is entireh' independent of the proportion of com- 
bustible gas present,^' and there is no danger of any of the nitrogen being 
oxidized. The combustion is best effected, as proposed by Drehschmidt, 
by passing the gas through a thick-walled platinum capillary tube 
containing 3 palladium wires. Place the platinum capillary (Fig* 
131, ]’') between the gas buret and the Drehschmidt pipet S, and 
heat it by means of the non-luminous flame of a Teclu burner. 
Repeatedly pass the gas through the glowing capillary until there is 
no further diminution in volume, sho'^ing the combustion to be com- 
plete. There is no danger to be feared from explosions even when pure 
detonating gas is passed through the platinum tube, and by this method 
CO, H, and CH4 nre completely oxidized. In the analysis of gases 
containing only small amounts of the above gases (e.g,, exhaust gases 
from gas-motors) the so-called fractional combustion is employed. 
By this means either hydrogen and carbon monoxide is oxidized wMe 
methane is not, or carbon monoxide is alone burned. 

Fractional Combustion, — If, according to Haber, an absolutely dry 
gas mixture, consisting of considerable nitrogen and oxygen with little 
carbon monoxide, hydrogen, and methane, is slowly conducted (at the 
rate of about 700-800 mi per hour) through a glass U-tube 3 mm in 
diameter which contains a palladium wire 55 cm long, folded into 
3 lengths of about 18 cm, then if the temperature of boiling sulfur is 
maintained, the hydrogen and carbon monoxide will be completely 
burned, wMe methane will escape from the tube in an unchanged 
condition. By connecting the U-tube with a weighed calcium chloride 
tube and then with 2 weighed soda-lime tubes (see p. 368) the increase 
in the weight of the U-tube will show the amount of w^ater formed from 
the hydrogen, and the gain in weight shown by the soda-lime tubes 
corresponds to the amount of carbon dioxide formed from the carbon 
monoxide. If, after passing through the soda-lime tubes, the gas is 
passed through a combustion-tube filled with platinized asbestos, or 
copper oxide, wRich is heated to a dark red heat, the methane is quan- 
titatively burned to water and carbon dioxide; the water can be ab- 

* It is only necessary to make sure that a large excess of oxygen is present. Cf. 
Hempel, Z. anorg. Chem., 31, 447 (1902). 
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sorbed in a calcium chloride tube and the carbon dioxide in two soda-lime 
tubes, all three tubes being weighed before the gas is passed through 
them. In this way a check is obtained upon the accuracy of the deter- 
mination, for the proportion of carbon to hydrogen found should be 
1 :4. 

The combustion of carbon monoxide alone from a mixture of this gas 
with hydrogen, methane, and air can be effected satisfactorily as follows: 

After the gas has been freed from CO2, unsaturated hydrocarbons, 
and aqueous vapor, conduct it through a U-tube* containing 60-70 g of 
pure iodine pentoxidef heated to 160®; by this means the carbon mon- 
oxide is alone oxidized with liberation of iodine according to the equation 
I2O5 + 5 CO = 5 CO2 + I2. t II the gas is now conducted through 2 
Peligot tubes containing potassium iodide solution, the iodine will be 
absorbed and can be titrated at the end of the experiment with O.IA^ 
sodium thiosulfate solution. 

One miUiliter 0.1 N Na 2 S 203 solution corresponds to 5.6 ml CO, 
measured under standard conditions. 

If, after the carbon dioxide and water have once more been removed 
from the gas, it is passed through a combustion tube half filled with cop- 
per oxide and half with platinized asbestos, both heated to dark redness, 
the hydrogen and methane will be completely burned to water and car- 
bon dioxide, which can be absorbed and weighed as before. From the 
amounts of each, the hydrogen and methane present in the gas can be 
calculated. 

Qualitative Detection of Traces of Carbon Monoxide in the Air 

If blood is diluted with water until the solution shows only a slight 
red color, it will give a characteristic absorption spectrum; 2 dark 
absorption bands appear between the D and E hnes. If to this' dilute 
blood solution a few drops of a concentrated, freshly prepared ammonium 
sulfide are added, the dark bands disappear, and instead a single broad 
band will appear at a place between the positions of the previous bands. 
Blood containing carbon monoxide behaves quite differently. When 
this gas is present, the blood takes on a rose color and the solution 
gives almost the same absorption spectrum as pure blood (the bands 

* The U-tube is heated in a small paraffin-bath. 

t Iodine pentoxide is prepared by heating iodic acid in a current of dry air at 
180® until the water is completely removed. 

t Nicloux, Com'pt rend., 126 , 746; Kinnicutt, J. Am. Chem. Soc., 23 , 14; Marcelet, 
Z. anal Chem., 60 , 315 (1911); Morgan, J. Am. Chem. Soc., 29 , 1589; V. Froeboese, 
Z. anal Chem., 54 (1915); Sinatt and Cramer, Z. angew. Chem., 1916 , Ref. 9; A. 
Seidell and P. W. Meserve, Hyg. Lah. Bull 92 , Washington, 1914; Moser and 
Schmidt, Z. anal. Chem., 1914 , 217. 
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sliift slightly toward the \ioiet) but in this case the two bands do not 
disappear o?i ike addition of ammonium sulfide. 

To detect traces of carbon monoxide in the air, Vogel directs that a 
100-mi bottle, filled with water, be emptied in the room containing the 
gas, and that 2-3 mi of blood, highly diluted with water, and showing 
only a very faint red color falthough still giving the blood spectrum in a 
column as thick as a test-tube) be poured into the bottle and shaken for 
some minutes. To the solution a fe%v drops of amnioniiiin sulfide solu- 
tion are added and the liquid is examined by means of the spectroscope. 
If the two bands are now visible, carbon monoxide is present. According 
to ogei as little as 0.25 per cent of CO can be detected in. this way. 

Hempel has improved this method to a marked degree. He found 
that it w’as not possible to completely remove small amounts of carbon 
monoxide b}' shaking with the dilute solution of blood, and further- 
more concentrated blood solutions could not be used because they foam 
so much. -By using a living animal, its lungs furnish a better means of 
absorption, for the gas then comes in contact with undiluted blood. 
A mouse is placed between tw’o funnels wTich are joined together by 
means of a broad band of thin rubber and the gas to be tested is passed 
through the funnels at a speed of 10 1 per hour. At the end of 2 or 
3 hours the mouse is killed by immersing the funnels in wmter and a 
few" drops of its blood are taken from the region near the heart. In 
this w’ay Hempel wms able to detect with certainty as little as 0.032 
per cent CO. With such small amounts of CO the live mouse show^ed 
no symptoms of poisoning; this was first apparent when 0.06 per cent 
of the gas w-as present. In the latter case after half an hour the mouse 
breathed with difficulty and lay exhausted on its side. 

Potain and Drouin detect small amounts of carbon monoxide by 
passing the gas through a dilute solution of palladous chloride, wffiere- 
by metallic palladium is precipitated: 

PdCb + CO + H 2 O = 2 HCl + CO 2 + Pd 

The solution is decolorized, or turns a pale gray, when large amounts 
of CO are present, but appears a light yellow in color when only traces 
are present. 

In order to estimate better the decrease in color, Potain and Drouin 
filter off the deposited palladium and compare the color of the filtrate. 

For the detection of small amoimts of carbon monoxide, C. Winkler 
recommends a method which, as the author has found, will often lead 
to error. According to Winkler, the gas to be tested is conducted 
through a solution of cuprous chloride in a saturated solution of sodium 
chloride, afterwards diluting wdth 4-5 times as much water, causmg 
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the precipitation of snow-white cuprous chloride. If this turbid 
solution is treated with a drop of sodium palladous chloride, a black 
precipitate of metallic palladium is obtained. Unfortunately, however, 
the palladium is often precipitated even in the absence of a trace of 
carbon monoxide, for cuprous chloride itself will readily reduce salts 
of palladium. 

It is true, on the other hand, that at a definite concentration the 
reduction of the palladous chloride is only effected by means of carbon 
monoxide, but it is difficult to obtain always the right conditions, and 
herein lies the inaccuracy of the method. If the solution be too con- 
centrated with respect to sodium chloride, even large amounts of car- 
bon monoxide will fail to precipitate a trace of palladium, because in 
that case the solution contains not only copper but also palladium in 
the form of complex sodium salts: Na2[Cu2Cl4] and Na2[PdCl4]. 

The sodium palladous chloride is not reduced by carbon monoxide 
and there is even less likelihood of the two sodium salts acting upon one 
another. If the solution be diluted with water, both salts break down 
according to the equations 

Na 2 [Cu 2 Cl 4 ] 2 NaCl + CusCb NasIPdClJ ^ 2 NaCl + PdCb 

and only when the palladium is in the ionic condition is it capable of 
entering into the reaction. The fact that the reduction of the pal- 
ladous chloride is effected by means of CO at a concentration at which 
CU2CI2 is incapable of causing any reduction is easy to understand, for 
the gas, CO, comes in contact more readily with a sufficient number of 
palladium ions than does the difficultly soluble cuprous chloride. 

8. Hydrogen, H. Mol. Wt 2.016 

Density = 0.06960* (air = 1). Weight of 1 1 = 0.08998 g 
Molar volume = 22.405 1. Critical temperature = —238° C 
Hydrogen is practically insoluble in water. 

ABSORPTION COEFFICIENTS OF HYDROGEN FOR WATERf 


Temperature 

/3 

Temperature 

/? 

0° 

0.02148 

0.02044 

0.01955 

0.01883 

0.01819 

0.01754 

30° 

0.01699 

0.01666 

0.01644 

0.01624 

0.01608 

0.01604 

5“ 

35° 

10° 

40° 

15° 

45° 

20° 

50° 

25° 

55° 




* Lord Rayleigh, Proc. Roy, jSoc., 63, 1134 (1893). 
t L. W. Winkler, Ber., 24, 99 (1891). 
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A, Determination by Absorption. Method of Paal and Hartmann* 

Colloidal palladium, in the presence of a protective colloid, sodium 
protalbinate, is capable of absorbing an enormous quantity of hydro- 
gen. The absorption takes place slowly but quantiiativelia The 
absorbent can be regenerated, after each experiment, by treatment 
with oxygen or by adding an easily reducible organic substance. Paal 
and Hartmann made use of sodium picraie for this purpose; the picric 
acid is reduced to triaminophenol : 

C,H.(OH)(XO,), 4- 9 H. - -f 6 HoO 

According to the experiments of Brunckj a solution of 2 g colloidal 
palladium and 5 g of picric acid dissolved in 22 mi of X sodium hy- 
droxide diluted to 100-110 ml with water is a suitable absorbent. 
Such a solution can be purchased. The above quantity of reagent 
should absorb about 4 1 of hydrogen; about 20-30 minutes, with 
repeated shaking, is required for the absorption. The reagent is useful 
for determining hydrogen in the presence of saturated hydrocarbons. 

As soon as the efficiency of the absorbent is lost, rinse out the contents 
of the absorption pipet with water and add dilute sulfuric acid as long 
as any precipitate forms but avoid too much excess w’hich tends to 
cause the palladium sol to go into solution as palladous sulfate, as a 
result of atmospheric oxidation. The precipitate of solid palladium 
and protalbinic acid also contains picric acid. Wash with water, w’hich 
removes some of the acids but no palladium. Then suspend the mass 
in water and add sodium hydroxide solution, dropwise, until a col- 
loidal solution is obtained. Finally add the proper quantity of sodium 
picrate and the absorbent is ready for use again. 

B, Determination by Combustion 

Mix a measured volume of the gas with more than half as much 
oxygen and burn the hydrogen by one of the following methods. The 
hydrogen can be determined by measuring the contraction in total 
volume. 

2 H2 T" O2 = 2 H2O 

2 vols. 1 vol. 0 vol. 

It is evident that by the combustion of 2 volumes of hydrogen, 
3 volumes of gas will disappear (the water formed occupies a neg- 
ligible volume). The contraction, therefore, is equal to | the volume 

* Ber., 43, 243 (1910). 

t Chem. Zig., 1910, 1313 and 1331. 
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of the hydrogen consumed. If the contraction is denoted by Vc and 
the volume of the hydrogen by 7 h, then Vc = f Vh, and consequently 
7^ - I 7c. 

In many cases the weight of the water formed is determined by 
absorption in weighed calcium chloride tubes; from the gain in weight, 

22 405 

Pj the volume of hydrogen is computed as follows: - X p = 

io.Ulo 

1243.6 X p milliliters hydrogen under standard conditions. 

Combustion of Hydrogen, according to Cl. WinMer 

The following method is employed frequently in technical analyses 
for the separation of hydrogen from methane. 

Conduct a mixture of hydrogen and air over gently ignited palladium 
asbestos, by which means the hydrogen is quantitatively burned to 

water and the methane is 
not affected. Fig. 138 rep- 
resents the apparatus re- 
quired. A is the eudiom- 
eter and is connected by 
means of the capillary F, in 
which is found a short fiber 
of palladium-asbestos, with 
a Hempel pipet filled with 
water. 

Heat the capillary, jF, by 
a small flame F, at the 
place where the palladium- 
asbestos rests, to a tem- 
perature of about 300-400°, 
but not hot enough to soften 
the glass. After the gas, 
which is mixed with air,* 
has been passed back and 
Fig. 138- forth through the capillary 

3 times, t the combustion 
is complete. If the above-specified temperature is not exceeded, no 
trace of methane will be burned and the hydrogen determination will 
be accurate. It is difficult, however, to regulate this temperature 

* If oxygen is used instead of air, some of the methane is sure to be oxidized. 
Cf. 0. Bninek, Z. angew, Chem., 1903, 195. 

t Pass the gas over the catalyzer so slowly that the palladium at the end toward 
the gas stream does not glow at all or only very slightly. 
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close!}' enough to prevent the combustion of some methane unless^ as 
recommended by Haber, the tube is heated by means of sulfiir vapor; 
the results are usually fruin 0.5 to 1 per cent too high. 

Prepared iofi of Palladiam-asbedos. — Dissolve 3 g of sodiiiiii pal- 
ladous chloride in as littu* water as possible, add 3 ml of a cold, saturated 
solution of sodium formate and enough sodium carbonate solution to 
make the solution alkaline. Then add about 1 g of soft , long-fibered 
asbestos wdiicli sucks up the whole of the liquid. Dry the mixture on 
the water-bath: by this means finely divided palladium is deposited 
unifornily through the asbestos: 

Xa.PdCb -r HCOOXa = 3 XaCi -f HCl -h CO. ^ Pd 

The hydrochloric acid formed by the above reaction is neutralized 
by the sodium carbonate. In acid solutions formic acid hardly reduces 
palladous chloride at all. 

After the asbestos has thoroughly dried, soften the mass with hot 
w'ater, place in a funnel and wash with hot wmter until the soluble salt 
is completely removed. Dry once more and preserve in a w'ell-stoppered 
bottle. 

Insert the palladium-asbestos fiber into tne capillar}’ tube as follow’s: 
Roll the fiber between the fingers to a little round w'ad, place it in the 
opening of the unbent capillary tubing, and by gentle tapping upon the 
table force it along to the center of the tube. Then bend the tubing 
as shown in the figure. 

Remark. — Inasmuch as the palladium-asbestos is likely to become pushed into 
the capillary, it is perhaps more satisfactory to use a palladium wire wound into a 
spiral as catalyzer. 


9. Methane, CH 4 . Mol. Wt. 16.03 

Density = 0.5545 (air = 1)^ Weight of 1 1 = 0.7168 g 
Molar volume = 22.36 1. Critical temperature = -82® C 

PrepaTation. — Methane is conveniently prepared by a process 
analogous to that used in making ethylene* (cf. p. 697). Allow a mix- 
ture of equal parts methyl iodide and alcohol (d. 0.805) to act upon a 
zinc-copper couple which has been washed with alcohol, 

2 CH 3 I + 2 Zn + 2 HOH = Znis + Zn(OH )2 + 2 CH 4 
Prepare the zinc-copper couple by pouring a 2 per cent copper sulfate 
* Gladstone and Tribe, J. Chem. Soc.j 45, 154 , 
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solution 4 times over granulated zinc, then washing with water, and 
finally with alcohol. 

By allowing the mixture of methyl iodide and alcohol to drop upon 
the copper-coated zinc, a steady stream of methane is obtained at the 
ordinary temperature. Purify the gas by shaking it with fuming sul- 
furic acid, and then with caustic potash solution. It then contains 
about 98.4 per cent of CH4 and about 1.6 per cent of nitrogen. 

Methane can be prepared easily by the hydrolysis of aluminum 
carbide (Moissan). 

AI 4 C 3 + 12 H 2 O = 4 A1(0H)3 + 3 CH 4 

Wash the gas with water, then with fuming sulfuric acid, and finally 
with a mixture of colloidal palladium and ammonium picrate (see 
p. 713). Thus prepared, the gas is about 99.8 per cent pure. 

Methane, also called marsh-gas or fire damp, is only slightly soluble 
in water. 


ABSORPTION COEFFICIENTS OF METHANE FOR WATER* 


Temperature 

0 

Temperature 

/3 

0^ 

0.05563 

0.04805 

0.04177 

0.03690 

0.03308 

0.03006 

30® 

0.02762 

0.02546 

0.02369 

0.02238 

0.02134 

0.02038 


35® 

10^ 

: 40® 

15® 

' 45® 

20® 

50® 

25® 

55 




In alcohol, the gas is about 10 times as soluble as it is in water. 
Inasmuch as no satisfactory absorbent for methane is known, it is 
always determined by combustion. From the equation representing 
the combustion, CH4 4- 2 O2 = C02*4* 2 H2O, the following deductions 

1 V0I.+2 V0I3. 1 vol. 0 vol. 

can be made : 

1. Contraction. — The contraction caused by the combustion of 
methane is equal to twice its original volume. 

2. Carbon Dioxide. — By the combustion of methane an equal vol- 
ume of carbon dioxide is produced. 

3. Oxygen Consumed. — For the combustion of 1 volume of methane 
2 volumes of oxygen are necessary. 


L. W. Winkler, Rer., 34, 1419 (1901). 




illu.mixatixg axd producer gases 


717 


Akalysis of Uluminating and Producer Gases 

The analysis of all such gases is best perfonned either by the method 
of HempeP or that of Drehschmidt. t 

HempePs Method 

Heiiipei's apparatus is shown in Fig. 13L p. 687. It consists of a 
eudiometer, IT, with 0.2-ml graduations and connected by means of 
rubber tubing with the leveiing-bulb K. 

The eudiometer is also connected with 
the compensation tube D, wiiicli in turn 
is connected with a manometer C ; both 
the tubes W and D are surrounded by 
a cylinder containing w’ater. 

Calibration of the Apparatus, — First 
fill the manometer tube with mercury 
by raising the leveiing-bulb K with the 
stopcock p in the position showm in 
Fig. 131, so that there is an open con- 
nection betw’een TF and c. Allow’ the 
mercury to pass over into C until the 
mark mm is reached. Then determine 
the volume of the manometer tube from 
the mark m to the point a (Fig. 131) 
as follows: 

By carefully lowering the bulb K 
draw the mercury over into C exactly to 
the point a w^hen the stopcock p is closed. 

Allow a little air to enter into the eudi- 
ometer through the right-hand capillary 
tube above p (the tube E should be 
w’ithdrawn as in Fig. 139). Place the 
leveling-bulb K upon a solid support 
so that the mercury level in it is at the 
same height as in TF, and with the stop- 
cock p still open, read the position of the mercury in TF. Close the 
stopcock, raise K a little, and turn p to the position showm in Fig. 131. 
By raising K still higher, drive the air over into the manometer tube 
C until the mercury has exactly reached the mark m, then close the 

* Gasanalytische Meihodm (1900). 

t Ber., 21, 324-2 (1888). 
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stopcock A (Fig. 131). Then adjust the position of the mercury 
by turning the stopcock p one way or the other, and once more 
read the position of the mercury in W. The difference between 
the two readings represents the volume of the tube between the 
marks m and a, an amount which must be added to all subsequent 
readings. 

Introduce a drop of water at c, by means of a fine pipet, into the com- 
pensation tube D and either fuse together the end of the tube, or close 
with a cork stopper and make air-tight with sealing wax. 

Procedure for the Analysis. — If the analysis is to be carried out on the 
spot, collect a large sample of the gas in a Drehschmidt pipet (Fig. 
131 8). To accomplish this, connect the capillary tube E' by means 
of rubber tubing with the source of the gas, and turn the stopcock M 
so that the tube E' is in connection with the bulb of the pipet with the 
leveling-bulb and the stopcock s open. Fill the pipet with the gas, 
then turn the stopcock M so that it communicates with the outer ah, 
and completely expel the gas from the pipet. In this way draw the 
gas in and out of the pipet at least 3 times to make sure that all foreign 
gas (air) is removed from the rubber tubing. Then collect the sample 
of gas and close the two stopcocks M and 5. 

In order to bring the gas to be tested from the Drehschmidt pipet 
into the eudiometer, connect the two instruments by means of the 
capillary E' (imagine the capillary E in Fig. 131 to be replaced by E') 
and firmly wire the rubber connections to the glass. Turn the stop- 
cock M to the position shown in Fig. 131, raise the leveling-bulb K (after 
previously causing the mercury in the manometer-tube to reach to the 
point a) and fill the buret with mercury until it begins to flow from 
out of the tip of the key at M ; then close the cocks A and p. Turn the 
cock M so that the pipet S and the buret W are in connection, raise 
Z', open s, lower iT, and open both p and A. 

After about 40 ml of the gas have passed over into the eudiometer, 
close the cocks A and Af , dip the key of the stopcock M (which must be 
entirely filled with mercury) into a beaker containing mercury, and 
suck the gas in the capillary into W by lowering K and opening A 
and p. As soon as the capillary E is entirely filled with mercury, close 
A, p and finally M. 

Now determine the volume of the gas in W as follows: Open A and . 
raise K so that the mercury in the bulb is a little higher than it is in W. 
After this open p and drive the gas over towards C until the mercury 
in both arms of the manometer tube is at about the same height; then 
close A immediately. Make the last fine adjustment of the mercury 
levels within the tubes by closing or opening the screw-cock Q. Eead 
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the Yoiume of the ga.'?,"* and lu the reading add the eurreetioii corre- 
sponding to the voliHiie b(*tween tlie marks 3/ and a. 

From this point the analysis begins. 


1. Determination of Carbon Dioxide 

With the stopcock p closed, turn the cock M as shown in Fig. 131, 
remove tlie Drelisclimidt pipet, and replace by a second, clean pipet 
completely fiiled with mercury. On connecting the stopcock M with 
the rubber connector of the capillary it should be in the position 
shown in tlie drawing. By tliis mean.^^ the mercury in the rubber 
tubing can flow out through the key. After wiring the rubber tightly 
to the glass, introduce 3-5 ml of caustic potasii solution (1 : 2) tliroiigh 
the key into the pipet M and wash out the alkali in the capillary with 
about 2 ml of distilled water and then with a little mercury; after 
this drive over the gas itself into the pipet. When the mercury has 
filled the whole capillary, both to the right and left of 3/, close A, p, 
and 3/. Raise the bulb iv' so that extra pressure is placed upon the 
gas in the pipet and close s. Genth' shake the pipet for 3 minutes with- 
out disconnecting it from the eudiometer, after which return the gas 
to W as follows: Open 31, p, and A, lower K, raise and open 
'WTien almost all the gas has been driven out of the pipet, close 3/, 
p, A, and Q, place the leveling-bulb on the table below, and K' upon 
the support (missing from Fig. 131, but shown in Fig. 139) upon which 
the pipet itself rests. Now open 3f, p, A, and s, and screw up Q a 
little so that the gas is very slowly sucked into the buret. As soon as 
the caustic potash solution has reached 3/, close it. Now remove the 
gas remaining in the capillary to the left of 31 by sucking mercury 
through the key of M into W. Finally read the volume of the iinab- 
sorbed gas in the same way as before. The difference between the two 
readings represents the amount of CO 2 . 

2. Determination of the Heavy Hydrocarbons or IHuminants 

Remove the pipet containing the caustic potash solution and replace 
it with another containing fuming sulfuric acid, f Drive the gas over 
into the latter, and allow" to stand wdth occasional passes to and fro, 

* The reading is best made with the help of a small telescope, the ocular of which 
is provided with cross-hairs. For this purpose the telescope connected with a 
Bunsen spectroscope is suitable. 

f In this pipet the bulb-tube K' is fused on to the absorption bulb, so that it is 
a little higher than the latter, in the same way as in the Hempel pipet (Fig. 142). 
Mercury is acted upon by fuming suKurie acid. 
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for 45 minutes, then empty the pipet in precisely the same way as before. 
Return the gas to the pipet containing the caustic potash solution in 
order to remove the acid vapors, and finally transfer to the buret W 
and read its volume. The difierence before and after the treatment 
mth fuming sulfuric acid represents the sum of the heavy hydrocarbons 
or illuminants (C2H4, CeHe, C2H2, etc.). It is not usually customary 
to attempt to separate the benzene from the ethylene. 

3. Determination of Oxygen 

Carry out this part of the analysis in exactly the same way as the 
determination of the CO 2 , but using an alkaline solution of pyrogallol 
in the absorption pipet (cf. p. 703). 

4. Determination of Carbon Monoxide 

The determination of carbon monoxide may be effected either by 
absorption with ammoniacal cuprous chloride or by simultaneous com- 
bustion with hydrogen and methane. 

For the absorption method, the procedure is the same as in the case 
of the determination of the heavy hydrocarbons, Le., the absorption is 
effected in a pipet containing only ammoniacal cuprous chloride (no 
mercury). Shake the gas for 3 minutes with a solution of cuprous 
chloride which has already been used and then the same length of time 
with a fresh, or little used, solution (cf. p. 707), Before reading the 
volume of the unabsorbed gas, free it from ammonia vapors, by shaking 
with 4 N hydrochloric acid in a Drehschmidt pipet. 

5. Determination of Hydrogen and Methane 

After the removal of the carbon monoxide, the gas may consist of 
hydrogen, methane, and nitrogen. Add an excess of oxygen to this 
mixture (with illuminating-gas twice its volume, while with Dowson, 
water, and producer gas only a little more than half as much oxygen 
is necessary). Connect the eudiometer W with a Drehschmidt pipet 
entirely fiUed with pure mercury* using a Drehschmidt platinum capil- 
lary (Fig. 131, F), heat to bright redness with the non-luminous flame 
of a Teclu burner, taking care that the inner flame mantle does not come 
in contact with the platinum. Pass the gas mixture C times in a slow 
stream through the hot platinum tube, but take care that no mercury 

* There must be no trace of caustic potash in the pipet because in that case CO2 
would be absorbed and an inaccurate result would be obtained. To make sure that 
all the alkali is removed, wash the pipet first with water, then with hydrochloric 
acid, and finally with water once more. 
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enters the tube. Then measure the volume of the burned gas. with- 
out removing the platinuni capillary, and determine the carbon dioxide 
by introducing some caustic potash into the pipet and shaking the gas 
with it: after 3 minutes' shaking, return the unabsorbed gas to the 
eudiometer, closing the stopcock M as soon as the caustic potash 
solution reaches it. 


Calcalaiion of Hydrogen and Methane 

Assume V milliliters of gas to be taken for the analysis. The residue 
remaining after the absorption of the CO 2 , O 2 , and CO is mixed 

with oxygen and burned. The contraction produced is Vc and the 
CO 2 formed amounted to y£. 

It was showm on p. 716 that the volume of the methane is equal to 
the volume of the CO 2 formed, Yk^ and in percentage: ~ X 100 = 
per cent CH 4 . 

Since by the combustion of 1 volume of CH 4 2 volumes of gas dis- 
appear, it is evident that by the combustion of Vk milliliters of CH 4 the 
contraction will amount to 2 Yk, 

If the latter value be subtracted from the total contraction Fc, the 
difference represents the contraction caused by the combustion of the 
hydrogen present (Fc — 2 F^;), and two-thirds of this represents 

the amount of hydrogen. Therefore 200 ^ = per cent H. 


Determination of Carbon Monoxide, Methane, and Hydrogen 
by Combustion 

After the absorption of the CO 2 , C»H 2 », and O 2 , the residual gas 
consists of CO, GH 4 , H 2 , and No. Add a measured volume of oxygen* 
explode the mixture, and determine both the contraction, Fc, and the 
carbon dioxide formed, After this determine the unused oxygen 
by absorption 'with alkaline pyrogallol solution. If the excess of oxy- 
gen is subtracted from the amount originally added, the difference will 
give the amount of oxygen necessary for the combustion, Fq. 

* The purity of the oxygen must be tested before the analysis, because the com- 
mercial product almost always contains nitrogen. To a measured volume of nitro- 
gen add a definite amount of oxygen, as othen^dse the amount of the residual gas 
might be too small to fill the manometer tube between the marks a and m (Fig. 131). 
Prepare the nitrogen by allowing air to stand over phosphorus in a Hempel pipet. 
(a. p. 703.) 
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If the volume of CO is denoted by x, the CH 4 by y, and finally the 
H 2 by 2 :, the following three independent equations hold true: 

1 . Vc^^x + 2y + iz 

2 . + ^ 

3. Vo = ix + 2y + iz 
and from these equations 

^ = i-v^ + iVc-ro = CO* 
t/==Vo-i(Vx + Vc) = CE4 
2 == Fc - Fo = H2 


Analysis according to H. Drehschmidtf 

The apparatus of Drehschmidt, like that of Hempel, consists of the 
gas-buret J5 and the compensation tube C, both of which are contained 
in a cylinder filled with water (Fig. 140). 


* According to A. Wohl (Ber., 1904, 433) the results are not quite accurate when 
obtained in this way because the molar volume does not alw^ays equal the theoreti- 
cal value of 22.41 1. Nernst, in his book, Theoretical Chemistry^ gives the following 
molar volumes: 


For 1 g-raol. of the gas, 

H2 = 22.43 1 
O2 = 22.39 1 
CO = 22.39 1 
CH4 = 22.44 1 

CO 2 = 22.26 1 


or referred to oxygen 

H 2 = 1.0017 
O 2 = 1.0000 
CO = 1.0000 
CH4 = 1.0020 
CO 2 = 0.9939 


Taking these values into consideration, A. Wohl obtains for x CO, y CH4, and g H 2 , 
the following formulas: 

= 0.3329 Vc - Vo 1.3394 Vk 
y - -0.3336 Vc + 1.0020 Vo - 0.3340 Vk 
z = 1.0005 Vc - 1.0017 Vo - 0.0060 Vk 

F. Haber {Thermodynarnik techn. Gasreahtionen) sees no reason for modifying the 
Bunsen formulas in this way, for when a combustion analysis is carried out by ex- 
plosion, the volume of gas after the explosion is so poor in carbon dioxide that the 
partial pressure of the latter does not vary much from that of an ideal gas, and, 
therefore, follows Avogadro’s Rule. ’ 

It is quite another matter in the case of mixtures rich in carbon dioxide, as often 
occur in gas-volumetric analyses. In that case the weight of carbon dioxide (or of 
carbonate) is computed from the volume of the gas and accurate values are obtained 
by using the observed molar volume of 22.26 for this gas (see p. 351). 

The necessity of using the observed molar volume instead of the theoretical 
value has been shown by Treadwell and Christie {Z. angew, Chem., 1905 1930) 
for chlorine. With other vapors (NH3, HCl, SO^, N^O) also, the observed molar 
volume should be used, 
t Ber., 21 (1888), 3242, 
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Through tiie .stopeoeks a and b, connect B and C, by means of capil- 
lary glass tubing coiitaniing a drop of a colored solution (indigo and 
sulfuric acid) ; in order to deteriuine the position of the solution, the ca|> 
illary is protideci with a millijneter graduation. Tlie tliree-way cock a 
can be turned so that C connects with the outer air or with the capillarj*, 



or so that the capillary is in connection with the air; it has an opening 
through the top of the key. The cock b has a right-angled boring like 
H, Fig. 131. The buret is divided into naillimeters and must he cali- 
brated with mercury before using. The apparatus is used in the same 
way as described under the Hempel method, p. 717. 
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Technical Gas Analysis 
Method of Hempel 

The apparatus necessary is shown in Fig. 141. It consists of a long 
measuring-tube ending at the top in a thick-walled capillary tube and 
connected at the bottom by means of rubber tubing about a meter long 

wuth the leveling-tube. 

The gas is confined over water which 
has been saturated with the gas to be 
examined, and the absorption is ef- 
fected in HempeFs absorption pipets 
such as are shown in Figs. 142, 143, 
144, and 145. Fig. 142 represents a 
simple pipet for liquid absorbents, and 
Fig. 143 shows a compound absorption 
pipet. It is used for solutions which 
undergo change on’ exposure to the 
air, 6.g., an alkaline solution of pyro- 
gallol, or an ammoniacal cuprous chlo- 
ride solution. The liquid in the two 
right-hand bulbs serves to protect 
the solutions on the left. Fig. 144 
shows the pipet used for fuming sul- 
furic acid. The small bulb is filled by 
the glass-blower with glass beads, 
which serve to give to the sulfuric 
acid the largest possible surface, so 
that the absorption is effected much 
more readily. Fig. 145 is a pipet used 
Eig. 141. for solid absorbents, such as phos- 

phorus, etc. In order to fill it with 
phosphorus, hold the pipet upside down, fill the cylindrical part with 
distilled water, and introduce small sticks of colorless phosphorus. 
After filling the pipet, insert the rubber stopper, place the apparatus 
right side up, pour water into the bulb, and remove any air-bubbles in 
the cylindrical part of the pipet by blowing through the bulb until the 
water flows out from the top of the left-hand capillary; then close by 
means of rubber tubing and a pinchcock. 

Analysis of Illuminating-gas 

First, prepare the confining liquid by conducting the gas through 
distilled water in a wash-bottle for several minutes with constant shaking. 
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Completeh’ fill the gas-buret with this liquid and then close the upper 
rubber tubing with a pinchcock. To fill the buret with gas, connect 
the receiver with the buret by a piece of rubber tubing through which 



the gas has been flowing for 2 or 3 minutes, lower the ieveling-tube, 
open the pinchcock, and allow a little more than 100 ml of the gas 
to flotv into the buret. Now close the upper cock, raise the ieveiing- 
tube, tmtil the lower meniscus of the confining liquid is exactly at the 




Fig. 145 . 


100-ml mark, and then close the rubber between the leveling-tube and 
the buret with a pinchcock placed near the buret, allow the apparatus 
to stand until the water no longer rises in the buret; this requires 2-3 
minutes. When the water is stationary, carefully open the lower 
pinchcock (for there is excess pressure in the buret) which causes the 
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water-level to sink. When the 100-ml mark is again reached, close 
this cock, and open the upper pinchcock an instant to allow the excess 
of gas to escape and then immediately close. To make sure that the 
buret contains exactly 100 ml of the gas, open the lower pinchcock, 
and after bringing the water in the leveling-tube to the same height 
as in the buret, take the reading; the lowest point of the meniscus 
should coincide exactly with the 100-ml mark of the buret. Finally 
close the lower pinchcock. 

1. Determination of Carbon Dioxide 

Connect the buret with a pipet containing caustic potash solution 
by means of a capillary filled with water, as shown in Fig. 141, raise the 
leveling-tube, open first the lower pinchcock and then the upper one,* 
and drive the gas over into the pipet. The confining liquid should now 
fill the entire capillary. Close the upper pinchcock and shake the 
pipet and its contents for 3 minutes, f Eeturn the gas to the buret 
taking care that none of the alkali enters with it. 

Bring the liquid in the leveling-tube to the same level as that in the 
buret; close the lower pinchcock, and after the water has completely 
drained from the sides of the tube, read the volume of the unabsorbed 
gas. 

2. Determination of the Heavy Hydrocarbons, or Illuminants, C„H 2 » 

Connect the buret by a dry, empty capillary with sulfuric acid pipet 
(Fig. 144) and pass the gas back and forth 4 times, taking care that no 
water enters the pipet and that the sulfuric acid does not reach the 
rubber connection. 

Before the experiment mark the position of the suHuric acid upon 
the milk-glass plate back of the pipet and at the end of the experiment 
the acid must come to the same mark. The gas in the buret is now 
contaminated with acid vapors which are removed by passing it into 
the potash pipet, afterwards returning it to the buret. 

3. Determination of Oxygen 

This can be effected by shaking the gas in the compound pipet with 
alkaline pyrogallol solution, but far preferably by means of phosphorus. 

* In the figure this pinchcock is lacking. 

t The absorption takes place more rapidly with one of Hempers new pipets, 
which is similar to the one shown in Fig. 144, except that the right-hand bulb is re- 
placed by a movable leveling-bulb, as in Fig. 131. The latter is filled with mercury, 
upon which the liquid absorbent floats. For the absorption of CO 2 , it is necessary 
to pass the gas back and forth only once. 
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In the latter ca<e_, drive the over into the pliospFionis pipet and 
allow it to remain there until the white vapors disappear: till? 
requires bur 3-4 iiiiiiutes (ef. p. 703). If no wliite vapors ean be de- 
tected, this shows conclusively that the absorption of the heavy liydro- 
earbons was iiicoiiipieie Au. p. 704), In such a ease, the gas must be 
again treateLi with sulfuric acid and afterwards with phosphorus. If 
no while are then formed, no oxygen is present, a contlition which 

praeiically never occurs, for in the determination of the hydrocarbons 
a little air containing oxygen always reaches the gas from the small 
capillary. 


4. Determination of Carbon Monoxide 

Shake the gas 3 minutes with an old solution of ammoiiiacal cuprous 
chloride and then the same length of time with a fresh solution. (See 
pp. 707, 720.) 

5. Determination of Hydrogen and Methane 

xAJter the absorption of the carbon monoxide place the residual gas 
in the hj^drochloric acid pipet and wmsh the buret with hydrochloric 
acid to remove traces of alkali, and then fill with distilled wmter. 

. Transfer 15-16 mi of the gas in the hydrochloric acid pipet to the 
buret, and, after reading its volume, drive it over into an explosion 
pipet containing mercury (Fig. 137). Accurately measure 100 ml of 
air (containing 20.9 ml of oxygen) in the buret and add to the contents 
of the explosion pipet. Then close the pipet by a pinchcock, mix 
the contents of the pipet by shaking, low’er the leveling-tube so that 
the gas is placed under reduced pressure, and close the glass stopcock 
of the pipet. Connect the platinum wmes, w’hieh are fused in the upper 
part of the bulb, with the poles of a small induction coO so that sparks 
pass between the platinum points within the pipet. The explosion 
at once occurs with a flash without breaking the pipet. Return the 
gas to the buret. Objection has been raised to reading the volume of 
the gas and then determiniug the amount of carbon dioxide formed, as 
a measure of the amount of methane burned, because the gas in the 
buret is confined over water which absorbs appreciable quantities of 
carbon dioxide. It has been found, however, that the error caused by 
absorption of CO 2 by the wmter is so slight, during the short time of wait- 
ing, that it is best to determine the CO 2 with caustic potash after the 
explosion, as Hempei also recommended. (See p. 728.) Finally, de- 
termine the amount of unused oxygen by means of absorption with 
phosphorus. If the excess of oxygen is subtracted from the total volume 
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added (20.9 ml), the volume of oxygen, Fo, required for the combustion 
is known (Fo), and Fc is the contraction due to combustion and absorp- 
tion of the CO 2 , we have two equations from which the amount of 
hydrogen and methane can be computed. 

If X is the volume of the hydrogen, and y the volume of the methane 
we have 

( 1 ) Vc^-lx + Zy ( 2 ) Vo==^x-h2y 

and 

x = iVc- 2 Vo 2/ = ^0 - i Fc 


The values thus obtained are referred to the total gas residue, and in 
this way the amount of hydrogen and methane present in the illumi- 
nating gas can be determined. 

Great accuracy is naturally not to be expected by such an analysis, 
but the procedure is very satisfactory for an approximate estimation. 

Better results are 
obtained by the 

(b) Method of Winkler-- 
Dennis 

In this method, the 
entire gas residue is 
transferred to a Hem- 
pel pipet containing 
mercury and connect- 
ed with a leveling-bulb 
(Fig. 146). Through 
the rubber stopper at 
the bottom two steel 
needles are inserted 
(knitting needles), the longer of which is enveloped throughout its 
whole length by a glass tube, and the upper end is connected, at about 
three-quarters the height of the cylindrical part of the pipet, with 
a thin platinum spiral. 

Connect the pipet with a Hempel buret containing 100 ml of oxygen* 

* The oxygen used for experiments in gas analysis can be prepared in the 
laboratory by heating potassium chlorate in a small retort, which is prepared 
by blowing a bulb (of about 20-ml capacity) at the end of a narrow piece of glass 
tubing; after introducing about 5 g of potassium chlorate, the tubing is bent to 
a right angle close to the bulb. Connect the end of the tube with a short piece of 
rubber tubing and heat the bulb over a free flame. As soon as oxygen begins to 
come off freely (lighting a glowing splinter) connect the rubber tubing from the 
retort with a Drehschmidt absorption pipet which contains a little caustic potash 
solution and is filled with mercury (cf. Fig. 131, p. 687). Do not at once fill the 
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over water, produce a lower pressure in the oxygen buret hy lowering 
the leveliiig-tube and then closing the rubber tubing with a screw-cock; 
after this place the leveling-tube in a iiigii position. Now connect the 
bottom ends of the two needles of the pipet with the wires of a small 
storage battery of such a strength that the platinum spiral is heated 
to dull redness. By lowering the leveling-bulb, reduce the pressure 
in the piper slight ly, and by opening the two upper screw-cocks between 
the pipet and tiie oxygen buret and gradually opening the lower screw- 
cock on the l)uret, conduct a very slow stream of oxygen into the pipet. 
Since a large excess of the gas residue is present at the start, the com- 
bustion takes place quietly; explosions never occur. During the 
combustion tiie rdat inrun spiral begins to glow more brightly; to pre- 
vent its melting, place a variable 
resistance^ in the circuit to reg- 
ulate the strength of current, 
and the glowing of the plati- 
num. 

As soon as all the oxygen is in 
the pipet, allow the spiral to 
glow 2-3 minutes longer, then 
stop the electric current and al- 
low the gas to remain in the 
pipet for 15 minutes so that it 
vnll assume the room tempera- 
ture. Then transfer to a Hempel 
buret and measure its volume. 

Determine the carbon dioxide in 
the usual manner. 

Remark. — By this method it is pos- Pig. 147. 

sible to burn pure acetylene without any 

explosion. The oxj’gen, however, must not be conducted, as above, into the acety- 
lene because in that case the combustion of the acetylene will be incomplete and 
considerable carbon vill deposit. First introduce oxygen into the combustion pipet, 
bring the platinum wire to glowing, and then introduce the acetylene; the combustion 
takes place smoothly without deposition of any carbon. 

The Winkler-Dennis pipet is open to the objection that the rubber stopper eventu- 

pipet but allow the gas to pass through the cock M into the air. After about a 
minute, one can assume that the air from the retort and rubber tubing has been 
entirely replaced by oxygen. Lower the leveling-bulb K of the pipet, open the cock, 
s, and turn the cock M 90° so that the pipet fids ^ith oxygen. When the filling is 
accomplished, close ilf and remove the retort. By shaking the pipet any carbon 
dioxide formed by the burning of dust, etc., is absorbed. 

* The resistance mentioned on p. 188 is suitable to use here. 
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ally leaks; for this reason the author prefers the form of apparatus devised by his 
assistant, M. Bretschger, as shown in Fig. 147. 

Instead of burning the gas residue according to the Winkler-Dennis method, it 
may be conducted over glowing cupric oxide. 



ac 








Orsaf s Apparatus 

For the analysis of flue gases, Orsat has constructed the apparatus 
shown in Fig. 148. It consists of the 100-ml measuring-tube B sur- 
rounded by a cylinder containing water, and connected on the one 

hand with 3 Orsat tubes by means of 
the cocks /, 77, 777, and on the other 
hand with the outer air through the 
stopcock h. The Orsat tube 777 con- 
tains caustic potash solution, 77 alka- 
line pyrogallol solution, and 7 ammo- 
niacal cuprous chloride solution. 

Manipulation, — By raising the lev- 
eling-bottle N and opening the stop- 
cock A, fill the measuring-tube B with 
water. As soon as the water is above 
the mark in the widened part of the 
measuring-tube, close the rubber tub- 
ing between the leveling-bottle and the 
measuring-tube by a pinchcock. Con- 
nect a with the source of the gas, 
draw it into the measuring-tube by 
lowering the leveling-bottle and open- 
ing the pinchcock. The U-tube on 
the outside of the apparatus is filled 
with glass wool and serves as a filter; any smoke being removed from 
the gas to be examined. The sample thus collected is naturally con- 
taminated with the air from the rubber tubing, the U-tube, and the 
capillary, which must be removed. The cock h serves for this purpose 
and is provided with a T-boring. Turn the cock so that the buret 
communicates with the outer air through a small tube (not shown in 
the illustration) and expel the gas by raising the bottle N. Repeat 
this process of filling and emptying 3 times, and use the fourth filling 
of the tube B for the analysis. Bring the gas in the buret to the zero- 
mark, and place it under atmospheric pressure by quickly opening and 
then closing h. After this drive over the gas into the potash-bulb and 



Jager, J. Gasbeleuchtung, 1898 , 764; G. v. Knorre, Chem. Ztg., 1909 , 717. 
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back again to the nieasiiring-tiibe several times, until there is no fur- 
ther ;;b.'-v,:ru;v.:.; after this again read the volume of the gas. In the 
same way pass the gas successively into the pyrugailol and tlie cuprous 
chloride tubes, thus obtaimng the volmiies of CU 2 , O 2 , and CO in the 
gas. 

^ Bunte’s Apparatus 

This apparatus, shown in Fig. 149 differs from those pretioiisly 
described, inasmuch as the absorption takes place in the measuring- 
vessel itself, whereas in tlie oilier cases the 
absorption takes place in the pipets. 

The Bunte buret has a capacity of 110-115 
ml between a and h; u is a three-way cock, 
while h is bored only once. 

Manipulation. — Connect the buret with the 
leveling-bottle A', as shown in the illustration, 
open a and 6, and allow the water to run up 
to the mark in the funnel above a. Connect 
the key of the stopcock a with the source of 
the gas, lower A^, turn a to the proper position, 
and draw the gas into the buret. After 101-103 
ml of the gas have entered the buret, close a 
and h, raise N, and by opening h compress the 
gas in the buret until the confining liquid has 
exactly reached the zero-mark. Now cautiously 
open the cock a, when some of the gas in the 
buret will escape through the w'ater in the 
funnel. The gas in the buret is now under a 
pressure equal to that of the atmosphere plus 
the pressure from the column of water in the 
funnel, and all subsequent measurements are 
taken under the same conditions. 

Absorptions. — In order to introduce the different absorbents into 
the buret connect its lotver end by means of the rubber tubing h vdth 
the bottle F containing a little water and with the water blown up into 
the rubber tubing. Open the cock h and the screw-cock h. Allow the 
water in the buret to run out until it exactly reaches the cock 6, which 
is then closed. Place the absorbent in a small dish, introduce the lower 
tip of the buret into the liquid, and open the cock h. Inasmuch as the 
gas in the buret is under less than atmospheric pressure, the absorbent 
is sucked up into the buret. Now close the cock b, grasp the buret 
above a and below b (in order not to warm the gas), and shake its con- 
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tents well; again dip the tip of the buret into the absorbent in the 
dish and draw up a little more of the absorbent into the buret. Repeat 
this process unth no more of the absorbent is sucked up into the buret. 
It would now be incorrect to read the volume of the unabsorbed gas, 
for it is under a pressure quite different from that at the beginning of the 
analysis; namely, the atmospheric pressure less the pressure of the 
column of liquid remaining in the buret with the cock h open. Further- 
more the vapor tension of the liquid in the buret is different from that 
of the water originally present. In order to obtain the original con- 
ditions, connect the buret with the bottle F, which now only contains 
enough water to fill the rubber tubing and the glass tube, and drain 
off the absorbent from the buret into the bottle until the upper level of 
the liquid reaches the cock 5.* Then dip the end of the buret into a 
dish containing water, which rises into the buret on opening h. Close 
the latter and allow water to run into the buret from the funnel until 
the original pressure is established, when the volume of the gas is once 
more read. The difference gives at once the per cent of absorbed gas. 

By means of this excellent method the carbon dioxide can be removed 
by caustic potash, heavy hydrocarbons by bromine water, oxygen by 
alkaline pyrogallol solution, and carbon monoxide by cuprous chloride. 

ANALYSIS OF Gases which are Absorbed 
Considerably by Water 

Under this heading belong N 2 O, SO 2 , H 2 S, CI 2 , SiF 4 , HF, NH3, etc. 

1. Nitrous Oxide, N 2 O. Mol. Wt. 44.02 

Density = 1.5297t (air = 1), Weight of 1 1 = 1.9766 g 
Molar Yolume = 22.26 1. Critical temperature = -}-36° C 

This gas is best prepared according to the method of Victor Meyer, J by allowing 
sodium nitrite to act upon a concentrated solution of a salt of hydroxylamine: 

NHzOH-HCl + NaNOa = NaCl + 2 H 2 O + N 2 O 

Procedure. — Add a concentrated, aqueous solution of sodium nitrite 
drop by drop from a separatory funnel, with constant cooling, to a 
concentrated solution of hydroxylamine hydrochloride in a small evo- 
lution fiask; in this way the gas evolved is pure and escapes in a regular 
stream. It is not advisable to proceed in the opposite way, namely, 

* The absorbent is now by no means exhausted, so that it can be returned to the 
proper bottle, and used for several more determinations, 

t Lord Rayleigh, Proc. Roy. Soc., 74, 181 (1904), 

I Am, Chm. Pharm., 157, 141, 
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to add the hydroxTiamine solution to a concentrated nitrite solution^ 
for then the decoiiiposirion is likeh" to take place with explosive 
\ioienee; it is still less advisable to add one of the reagents in the 
solid form. In a very dilute condition the solutions scarcely act upon 
one another. 

Nitrous oxide is never pure when it is prepared by heating ammoniiiin 
nitrate: it is always contaminated wnth nitrogen and nitric oxide, but 
the oxide may be removed by washing the gas t\dth a solution of ferrous 
sulfate. 

According to L. Poliak the solubility of nitrous oxide between 0® 
and 22^ C is expressed by the formula 3 = 1.13719 — 0.042265 + 

0.000610 -f-, but according to Bunsen its solubility is greater, being 
expressed by the formula 3 = 1.305 — 0.04536 * t + 0.000684 * 

The gas is absorbed to a much greater extent by alcohol than by 
water. According to Poliak, the absorption coefficient for alcohol is, 

= 3.2280 — 0.04915 • t + 0.00023 • I-, but according to Bunsen it is 
somewhat greater: ^ = 4.1781 — 0.06982 • i -f 0.000609 • P. 

The determination of nitrous oxide can be effected ^ith accuracy by 
combustion, and this may be carried out in two different wuys: 

1. According to Bunsen, by exploding with hydrogen, or according 
to V. Knorre, by means of the Drehschmidt capillary. The contrac- 
tion produced is equal to the original volume of the nitrous oxide: 

NsO HoO 

1 vol. 1 vol. 0 vol. 1 vol. 

2. According to Poliak, by combustion with pure carbon monoxide, 
either by explosion or with the help of the Drehschmidt capillarj-; the 
volume of the COo formed, which is measured, is equal to the volume 
of the nitrous oxide: 

N 2 O + CO = CO 2 + Ns 

1 vol. 1 vol. 1 vol. i vol. 

There is no contraction in this case. 

2. Nitric Oxide, NO. Mol. Wt. 30.01 

Density = 1.0366* (air = 1). Weight of 1 1 = 1.3402 g 
Molar volume = 22.39 1. Critical temperature = —94® C 

Preparation of Nitric Oxide 

Pure nitric oxide can be prepared (a) according to L. Winkler, f 
by adding 50 per cent sulfuric acid from a dropping funnel to a dilute 


* Computed from observations of Gray (1905), Guye and Davila (1906). 
t Ser., 34, 1408 (1901). 
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solution of 1 part potassium iodide and 2 parts potassium nitrite in 
solution of 1 part potassium iodide and 2 parts potassium nitrite 
in a fractionating flask. At the laboratory temperature, the follow- 
ing reaction takes place: 2 HNO 2 + 2 HI = 2 H 2 O + I 2 -h 2 NO, and 
by washing the gas with potassium hydroxide solution, a pure gas is 
obtained. 

( 6 ) According to Emich,* by shaking a nitrate solution with con- 
centrated sulfuric acid and mercury in a nitrometer: 2 KNO3 + 6 Hg + 
6 H2SO4 - 2 IHiS 04 + 3 Hg 2 S 04 + 4 H2O + 2 NO. This method is 
suitable for preparing small quantities of nitric oxide. A some- 
what less pure gas, but one suitable for many purposes, can be pre- 
pared by 

(c) the method of Deventer, f Place a concentrated solution of 
potassium ferrocyanide and somew’-hat less than an equivalent weight 
of sodium nitrite in a flask and introduce 80 per cent acetic acid from a 
dropping funnel. A steady stream of gas is produced 

2 K4Fe(CN)6 + 2 KNO2 + 4 HCsHsOs - 4 KC 2 H 3 O 2 + 2 K 3 Fe(CN )6 

+ 2 H 2 O + 2 NO 

which L. Moser J found to contain 90-97 per cent of NO and 3-10 per 
cent N 2 . 

ABSORPTION COEFFICIENTS OF NITRIC OXIDE FOR WATER§ 


Temperature 


Temperature 


0" 

5“ 

0.07381 

0.06461 

0.05709 

0.05147 

0.04706 

0.04323 

30° 

35° 

0.04004 

0.03734 

0.03507 

0.03311 

0.03152 

0.03040 

10® 

40° 

15° 

45° 

20° 

50° 

25° 

55° 




Although nitric oxide is only slightly soluble in water, its determina- 
tion will be discussed at this place because this gas frequently occurs with 
nitrous oxide, and must therefore be determined at the same time. 

Nitric oxide may be determined by absorption with a concentrated 
solution of ferrous sulfate or an acid solution of potassium perman- 
ganate, likewise, according to E. Divers, || by an alkaline solution of 
sodium sulfite (40 g Na 2 S 03 + 4 g KOH in 200 ml H 2 O) with the 

* Monatsk, 13, 73 (1892). 
t Rer., 26, 589 (1893). 
t Z. anal. Chm., 1911, 406. 

§ L. W. Winkler, Ber., 34, 1414 (1901). 

II /. Science Coll. Imp. University; Tokyo, 11, 11 (1893). 
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foriiiatioD of ^^112^20260^-^ It can be determiiied accurately according 
to Baiidisclijt a< follows: Introduce a measured volume of the gas 
into an absorption pipet Med with mercurj' and containing a moist 
stick of solid potassium htalroxlde and add, from a buret, a measured 
volume of air. The XO gas is immediately oxidized to X2O3, which is 
absorbed by tlie potassium hydroxide: 4 XO -r O2 + 4 KOH = 2H2O 
-r 4 KXO2. Since 5 volumes of gas disappear for each 4 volumes of X’O 
originally present, it is evident that the contraction, TT? is f as large 
as the original volume of XO and XO = O.S Vo 

According to v. Ivnorre and Arndt, t X "’0 can also be determined by 
combustion. Mix the gas with hydrogen and pass the mixture very 
slowly through a Drehschmidt capillary (p. 687 ) heated to bright 
redness. Under these conditions the nitric oxide is reduced to nitrogen. 

2 XO -f 2 Ho = 2 H 2 O + Xo, and the volume of NO = | Vc 

If the mixture is passed too rapidly through the capillary tube con- 
taining the glot\ing platinum or if the catalyst is not hot enough, ap- 
preciable quantities of ammonia are formed and the results are inac- 
curate. 

It is not possible to carry out the reaction in an explosion pipet: 
with pure NO and H 2 there is no explosion and if considerable NO 2 
is present the reaction is not quantitative although a very violent ex- 
plosion may occur. 

Comhudion of Nitric Oxide and Carbon Monoxide in a 
Drehschmidt Capillary 

According to Henry a mixture of carbon monoxide and nitric oxide 
is not explosive. On the other hand, according to PoUak, by conducting 
a mixture of these gases through a Drehschmidt platinum capillary 
heated to bright redness, the combustion is quantitative if at the same 
time the carbon dioxide formed is removed by means of caustic potash ;§ 
otherwise the oxidation is not quantitative. According to the equation 

2 NO + 2 CO = 2 CO 2 + Ns 

2 vols. 2 vols. 0 vol. 1 vol. 

the contraction produced is equal to f the volume of the nitric oxide. 

* Nitric oxide is only partially absorbed by an alkaline solution of pjrogallol, 
forming alkali nitrite, NoO, and N 2 . C. Oppenheim, Ber,, 36, 1744 (1903). 

t Ber., 46, 3232 (1913). 

t B&r., 21, 2136 (1889). 

§ Cover the mercury in the Drehschmidt tube with a concentrated caustic potash 
solution, by which means the CO 2 is absorbed immediately after its formation. 
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Remark, — If considerable nitrous oxide is present at the same 
bustion in the Drehschmidt capillary takes place quantitatively with( 

«^f the carbon dioxide. In this case the the 

xide: 


Analysis of a Mixture of Nitrous and Nitric Oxides 

I. Combustion with Hydrogen 

Mix the gas with an excess of hydrogen and pass it through the 
Drehschmidt platinum capillary heated to bright redness as described 
above. If the volume of the N 2 O = x and that of the NO = y, we 
have: (1) x + y - V, (2) re + | ^ = 7c (contraction), from which 
can be calculated: re = 3 7 — 2 7c, y ~ 2 (Fc — 7). 

II. Combustion with Carbon Mofioxide 

To the gas mixture add an excess of carbon monoxide, pass through 
the red-hot platinum capillary, and determine first the contraction, 7c, 
and then the carbon dioxide, 7^. If x is the volume of N 2 O, y the 
volume of NO, then re + ^ = Vk and ^ y = 7c, from which it follows: 
re == 7^ - 2 7c and y = 2 7c. 


Detennination of Nitrous Oxide, Nitric Oxide, and Nitrogen in the 
Presence of One Another 

I. By Combustion with Hydrogen in a Drehschmidt Capillary 

After noting the contraction formed by the combustion with hydro- 
gen, add an excess of oxygen to the gas residue and burn the mixture 
in the Drehschmidt capillary; two-thirds of the contraction which now 
takes place is equal to the amount of unused hydrogen in the first 
oxidation. If this quantity is deducted from the amount of hydrogen 
originally added, the difference, Vh, represents the amount of hydrogen 
necessary. 

We have now: 

N 2 O NO N 2 
1, x+ y + z=V 
% x + iy = 7c 
d. x+ y ^ Vh 

from which we can compute 

X = 3 7h - 2 7c 

- Vh) 
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II. By Comhusfion iiith Carbon Monoxide in the Drehschmidi Capillary 

In tills ease, using the same notation, 3 - -f- ^ i- - = F? 0.5 y = Fc? and 
j 4 - ^ (vulimie of carbon dioxide). From this it follows: x = Vs: 
- 2 i/ = 2 IF, and . = F - 1^. 

Detennination of Nitrous Oxide, Nitric Oxide, and Nitrogen in the 
Presence of Carbon Dioxide 

The accurate determination of nitrous oxide in the presence of car- 
bon dioxide offers great difficulties. It is not possible to determine 
the former by combustion with hydrogen in the Drehschmidt capil- 
lary, because when the carbon dioxide is present it takes part to some 
extent in the combustion, CO2 -r H2 = H2O F CO, and the previous 
absorption of the carbon dioxide by means of a large quantity of caustic 
potash is equally unsatisfactory, because considerable nitrous oxide 
will be absorbed by the reagent. The best way to effect this deter- 
mination consists in absorbing the carbon dioxide by solid, moist 
potassium hydroxide contained in an absorption pipet filled with 
mercury. The difference in volume before and after the absorption 
gives the volume of CO 2 . Transfer the residual gas to the mercury 
pipet, add a measured volume of air and absorb the NO as described 
on p. 735. In the residue determine NoO according to p. 733, and the 
N 2 by difference. 


3. Nitrogen, No. Mol. Wt 28.02 

Density = 0.96727 (air = 1 ). Weight of 1 1 = 1.2505 g 
Molar volume = 22.41 1. Critical temperature == — 149 ^ C 

Pure nitrogen is best prepared by heating a concentrated solution 
of potassium nitrate and ammonium chloride, present in amounts pro- 
portional to their molecular weights, and then conducting the escaping 
gas over glowing copper to reduce traces of nitric oxide. 

Nitrogen is but slightly soluble in water. 

ABSORPTION COEFFICIENTS OF NITROGEN FOR WATER* 


Temperatu 


Temperature 


0 

0.02348 

30 

0.01340 

5 

0.02081 

35 

0.01254 

10^ 

0.01857 

40 

0.01183 

lo‘ 

0.01682 

45' 

0.01129 

20‘ 

0.01542 

50' 

0.01087 

25‘ 

0.01432 

55* 

0.01051 


L. Winkler, Rer., 24, 3606 (1891). 
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Nitrogen cannot be determined by any of the ordinary methods of 
gas analysis. It is usually estimated by determining ail the other con- 
stituents present in a mixture and subtracting the siun of the percent- 
ages found from 100, 

Technical preparations of nitrogen, prepared from the air, always 
consist of nitrogen and small amounts of rarer elements. According 
to Cavendish these latter may be obtained by adding oxygen and 
allowing a strong electric spark to pass through the mixture. In this 
way the nitrogen is completely oxidized to nitric acid, which can be 
removed by means of caustic potash solution. Then, by absorbing 
out the oxygen, the rarer gases are obtained. A still better process 
is that of Hempel, in which the nitrogen is absorbed by passing the 
gas over a glowing mixture of 1 g magnesium, 5 g freshly burnt hme, 
and 0.25 g sodium. The rare gases are not absorbed by this treat- 
ment. 

According to Bunsen, there is no combustion of nitrogen when de- 
tonating gas explodes in the presence of air, provided not more than 
30 volumes of combustible gas are present for each 100 volumes of non- 
combustible gas. There is no oxidation of nitrogen during a com- 
bustion of a gas mixture which is passed through a Drehschmidt plati- 
num capillary. 

Analysis of Gases by Titration of the Absorbed Constituents 

If a mixture of gases contains several constituents, of which two are 
removed by the same absorbent, and one of these can be determined 
by titration, it is a matter of no difficulty to determine the amount of 
each. The diminution in volume after treatment with the absorbent 
represents the amount of the two constituents, the titration value 
represents the amount of one of them, and the difference shows the 
amount of the other. Such problems can be solved in a variety of ways, 
and only a few examples will be mentioned. 

1. Chlorine, CI 2 . MoL Wt. = 70.92 

Density - 2.488 (air = 1).* Weight of 1 1 = 3.216 g 
Molar volume = 22.04 1. Critical temperature = -f 146° C 

Determination of Carbon Dioxide in Electrolytic Chlorine f 

The apparatus shown in Fig. 150 is suitable for this purpose. 

* Ledue, Compt rend., 116 , 968 (1893); Treadwell and Christie, Z. angew. Chem,, 
47, 446 (1905). 

t Treadwell and Christie, Z. angew. Chem., 47, 1930 (1905). 
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Fill the absolutely dry eudiometer, B (the capacity of which be- 
tween the two stopcocks is aceiirateh' known, and for convenience 
ma}’ be 100 ml), through the lower cock, after drying the gas by passing 
it through a long calcium chloride tube.* After 
5-10 minutes it is safe to assiiine that the air lias 
been completely replaced by the gas. Now close 
the lower three-way cock and then the upper one. 

Note the temperature and barometric pressure. 

Connect the tip of the buret with the reservoir 
A” by rubber tubing. Turn the three-way cock so 
that the reservoir communicates with the cuter air, 
and then thoroughly wash the lower tip of the buret 
and the stopcock, and close the latter. Prepare a 
solution of potassium arsenite by dissolving 4.95 g 
AS2O3 in dilute potassium ht'droxide, adding dilute 
sulfuric acid until the solution is neutral to phenol- 
phthaiein, and then diluting to 1 l.f Place 100 
ml of this solution in K and expel any air in the 
rubber tubing by pinching it with the thumb and 
finger. By raising .Y and opening the stopcock, 
cause a little of the arsenite solution to flow into 
the buret which is inclined from side to side in such 
a way that the walls are thoroughly wet with the 
arsenite solution. The chlorine is slowly absorbed, 
as is etddent from the fact that the solution slowly 
rises in the buret. As soon as there is no further absorption, close 
the lower stopcock and make the solution in the buret flow back and 
forth several times, by inverting the buret and then turning it back 
again. After 1-2 minutes all the chlorine will have been absorbed. 
Then in order to absorb all the carbon dioxide present, lower the tube 
A', pour 10 ml of potassium hydroxide solution (1 : 1) in the funnel, 
and carefully introduce it into the buret. Again close the stopcock 
and run the alkali solution back and forth in the buret. 

After bringing the liquid in the buret and in the leveling-tube to the 
same height, take the reading. By deducting this from the original 
volume of the gas, the volume of the chlorine plus that of the carbon 
dioxide is obtained. To determine the chlorine, empty the contents 

* If the buret and gas are not perfectly dry, some chlorine will be absorbed by 
the water. This will not affect the gas reading, but will be harmful in the subsequent 
titration. 

t An ordinary solution of arsenite prepared with sodium biearbonate cannot be 
used here. 
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of the buret and of the leveling-tube into a large Erlenmeyer flask and 
turn the stopcock to the position shown in the drawing so that the 
liquid in the rubber tubing can flow out. Remove the tubing from the 
buret and rinse it out with distilled water which is also allowed to run 
into iV. Now add the contents of the buret and rinse the buret itself 
with distilled water. 

To the contents of the Erlenmeyer flask add 2 drops of phenolphthaiein 
solution, hydrochloric acid until the red color just disappears, 60 ml 
of 3.5 per cent sodium bicarbonate solution, and a little starch solution. 
Titrate the excess of the arsenious acid with 0.1 iV iodine solution. 

Determine the ratio of the arsenite solution to the iodine in the same 
way as in the above titration. Place 100 ml of arsenite solution in an 
Erlenmeyer flask, add 10 ml of caustic-potash solution, 2 drops of 
phenolphthaiein, hydrochloric acid to decolorization, and then 60 ml 
of sodium bicarbonate solution. Dilute to the same volume as that of 
the original experiment and titrate with iodine. If n milliliters were 
used in the analysis and Ui milliliters are required in the direct titration 
of the sodium arsenite solution then n' — n multiplied by 1.102* gives 
the number of milliliters of chlorine gas at 0° C and 760 mm pressure. 
In other words, 

Fo' = in' - n) X 1.102 

However, as the original gas was measured at the temperature f C 
and under the pressure B millimeters, it follows, according to p. 677, that 

_ F' • R • 273 
7fl0 ' (273 + t) 

from which can be computed 

^ Fo' • 760 (273 + t) 

^ R • 273 

If F is the original volume of the gas used and R that of the residual 
gas in the buret, then 

CI 2 + CO 2 + residue = F 
residue = R 
CI 2 + CO 2 = F - E 
- CI 2 = F' 

CO 2 = F ~ {R+ V') 

This value is derived from the fact that the density of chlorine is 2.488 at 20®, 
70-92 

0.001293 X 2.488 ’ 

Therefore, 35.46 g of chlorine at 0® and 760 mm occupy a volume of 11,020 ml. 



CHLORIXE 


741 


and in percentage 

n 

= - 


- V^Y: • 100 

= per cent 


Schloetter* * * § has described another method for the examination of 
eiectroljdic chlorine gas. The chlorine is absorbed by means of hydra- 
zine sulfate, whereby 2 volumes 
of chlorine set free 1 volume of 
nitrogen. The carbon dioxide is 
then absorbed by means of caus- 
tic soda solution. 

P. Ferchlandf determines the 
chlorine by absorption with mer- 
cury’’ in the residual gas after 
the CO 2 has been absorbed tvdth 
caustic potash. This last meth- 
od, according to the experiments 
of Busvold,! gives good results; 
it is to be recommended espe- 
cially for the analysis of chlorine 
gas from the Deacon process. 

Examination of the Unahsorbed 
Gas Residue. — Usually the resid- 
ual gas is too small in amount 
(as in the above case) to examine 
quantitatively, so that for this 
part of the analysis a larger sam- 
ple of the gas should be taken. 

The apparatus shown in Fig. 151 § 
has been used for this purpose 
with good results. The thick-wailed filter-bottle A has a capacity 
of about 1.5 1. It contains about 500 ml of strong caustic potash 
solution and the absorption tube with stopcock E is fastened air- 
tight within it. 

Manipulation. — First fill the absorption tube with the caustic potash 
solution by suction through H, finally closing H. Then turn the pat- 

* Z. angew. Chem., 1904, 301. 

t Z. Elektrocheyn., 13, 114. 

X Inaug. Dissert., Zurich, 1909, also P. Philosophoff, Chem. Ztg., 1907, 959. 

§ This apparatus has been used often by the author in the study of electrolytic 
chlorine gas and was described first in this text-book. Since then a similar apparatus 
has been recommended by Thiele and Deckert, Z. angew. Chem., 20, 437 (1907). 



Fig. 151. 
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ent cock to the position 11, and by suction through the left side-arm, 
fill the glass tube with the caustic alkali solution up to the cock. 
Turn the cock to the position I, connect the left side-arm, by 
means of a short piece of rubber tubing and a long piece of glass tub- 
ing, with the source of the gas, and aspirate several liters of gas through 
this tube. As soon as it is safe to assume that all of the air has been 
driven out from the tubing turn the cock to the position 7/, connect 
the aspirator at a with the flask A in which a slight vacuum is produced, 
whereby the gas begins to collect in the absorption tube. Chlorine 
and carbon dioxide are completely absorbed, while the residual gas 
collects in the upper part of the absorption tube. Allow the gas to 
enter the tube until 50-70 ml of the gas residue are obtained; then 
close the cock 7, remove the aspirator, drive the gas over into a Hempel’s 
gas-buret, and analyze according to the methods already described. 

Sixty and nine-tenths milliliters of the gas residue from electrolytic 
chlorine containing 99.0 per cent Ch and 0.6 per cent CO 2 , gave: 


Oxygen 

= 40.7 1 

fOs = 

66.9 

Carbon monoxide 

= 2.6 I and in per cent 

CO = 

4.3 

Nitrogen 

= 17.6 J 

INa = 

28.8 


60.9 


100.0 


At the carbon electrode (the anode) not only chlorine but also a 
small amount of oxygen is liberated. The oxygen attacks the car- 
bon of the electrode, forming carbon monoxide, the greater part of 
which in turn combines with the chlorine, forming phosgene gas, COCI 2 , 
but this is decomposed by water with the formation of CO 2 and HCl: 

COCI2 + H2O = CO2 + 2HCI 

This accounts for the presence of the CO 2 and CO in chlorine which 
has been prepared electrolytically. 


2. Hydrochloric Acid HCl. Mol. Wt 36.47 

Density = 1.2686 (air = 1).* Weight of 1 1 = 1.6400 g 
Molar volume = 22.24 1. Critical temperature = +52° C 

Hydrochloric acid is determined in gas mixtures by absorption in 
standardized alkali hydroxide solution. 
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3. Sulfur Dioxide. Mol. Wt 64.07 

Density = 2.2039 air = 1,;.* Weight of 1 1 — 2,9267 g 
Molar volume = 21.^9 ' Critical temperature = -rloo' C 

For the determination of sulfur dioxide from p^Tite burners^ F. Eeich 
recommends that the gas should be drawn by means of an aspirator 
through a measured amount of 0.1. V iodine solution, colored blue 
with starch, until the latter is decolorized. The amount of the gas 
is equal to the quantity of water which has flowed from the aspirator + 
the volume of the absorbed SO 2 . 

For example, 10 mi of 0.1. Y iodine solution were decolorized after 
V milliliters of w^ater had flowed from the aspirator; the gas was at 
f C and 760 mm pressure. Since in the absorption of the SO 2 by the 
iodine the following reaction takes place 

SOo + H2O + lo = 2 HI + SO3 


it is e\ddent that the amount of SO 2 absorbed, measured dry at 0° 
and 760 mm pressure, was 10.95 ml, for 1 ml 0.1. Y iodine solution 
corresponds to 1.095 ml SO 2 . 

It follows, then, that the volume of gas taken for the analysis equals 


F • (S - w) • 273 
760 * (273 + t) 

1095 


4* 10.95 ml = ' 


and the original gas contained per cent SO 2 . 

V I 

Other examples of gas analyses in vrhich the absorbed constituent 
is estimated by titration are found in the determination of the hydro- 
gen sulfide in gas mixtures (see below) and in the determination of 
carbonic acid in the atmosphere by the method of Pettenkofer (cf. 
p. 534). 


4. Hydrogen Sulfide, H 2 S. Mol. Wt. 34.08 


Density = 1.1895 (air — l).t Weight of 1 1 = 1.5378 g 
Molar volume = 22.16 1. Critical temperature = 100® C 


Determination of Hydrogen Sulfide in Gas Mixtures 

Hydrogen sulfide, when present in the gases escaping from mineral 
springs, can be estimated as follows; 

Lower a large funnel of 2-3 1 capacity, into the spring and hold 
it in place by means of a wooden frame B weighted with stones, s (Fig. 
152). Remove the rubber tubing d from the flask a, open the stop- 


* Leduc, Compt. rend., 117, 219 (1893). 
t lUd., 126, 571 (1897). 
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cock h, and fill the funnel T by means of suction, with water up to 
stopper, and then close h. As soon as the w^’ater in the funnel 
been replaced by the ascending bubbles of gas, connect the 
one side with the stopcock tube h and on the other side 
^he aspirator A by means of a long rubber tubing. Start suction by 
opening H and continue aspirating with h open until the water in the 
funnel T again reaches the stopper, then close h. Allow the funnel 
to fill with gas again, and eventually remove this through a by means 
of suction. Repeat this operation twice more. In this way the neck 
of the funnel, the glass tube the rubber tubing and the flask a, 
all have the air originally present in them replaced by gas from the 
spring; a few drops of water are carried along mechanically into a. 



Introduce 10 ml of 0.01 A iodine solution into the ten-bulb tube h 
and place 10 ml of 0.01 thiosulfate solution in the tube c. Quickly 
connect the flask a with h by means of a short piece of rubber tubing /, 
and connect c with the aspirator A by means of a longer piece of tubing. 
Meanwhile the funnel T is again filling with gas. Place a measuring 
cylinder, C, under the outlet tube of the bottle A, open H, and cau- 
tiously turn the stopcock h. Allow the gas to bubble slowly through h 
until the iodine solution becomes light yellow, but is not decolorized. 
Now close H and after about 2 minutes h also. Pour the contents of c 
into h, add starch and titrate the excess of the thiosulfate with 0.01 N 
iodine solution (cf. p. 630). The number of milliliters, n, of iodine 
required for the titration, represents the amount of iodine which re- 
acted originally with the hydrogen sulfide. The position of the water 
in the graduate (7 milliliters), the temperature of the room f, and the 
barometer reading B are all noted; w is the tension of aqueous vapor 
at the temperature f. 

In computing the amount of hydrogen sulfide in the gases escaping 
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from the springy it is to be remembered that the volume of gas which 
is taken for the analysis is equal to the amount of water which has 
flowed into c plus the volume of hydrogen sulfide which has been al>- 
sorbed by the iodine in h during the experinient. However, inasmiich 
as the amount of the iodine is small in comparison with the total amount 
of gas taken for analysis, it may be neglected here. Furthermore, it is 
necessary’- to call attention to the fact that the volume of gas escaping 
from the spring is at a different temperature from that of the analysis; 
all the volumes, therefore, should be reduced to correspond to the tem- 
perature at the spring. The amount of hydrogen sulfide present per 
liter in the spring gases at the temperature f and the barometric pres- 
sure B is 

308.4 = ml ■ liter* 


5. Determination of Ethylene, according to Haber 

The principle of tliis method was discussed on p. 701. The deter- 
mination is effected in the Bunte buret (cf. p. 731, Fig. 149). 

First, determine the contents of the lower portion of the buret from 
the lowest scale division to the cock by weighing the water drawn from 
between these points, after allowing the buret to drain. Then intro- 
duce about 90 ml of the gas to be examined into the buret and take the 
thermometer and barometer readings. Then, exactly as described on 
p. 731, draw down the liquid by suction to the stopcock,! pour a little 
bromine water into a small evaporating-dish, allow about 10 mi of 
the liquid to rise into the buret, and, in order to wash the bromine water 
from the tip into the buret, add 2 or 3 ml of water. 

Thoroughly wet the walls of the buret with the bromine water, by 
suitably turning and inclining the tube; in this way the ethylene is 
quickly absorbed. To determine the excess of bromine, allow a strong 
solution of potassium iodide to rise into the buret and \dgorously shake. 
Run out the hquid into an Erlemneyer flask, carefuUy wash the buret 
with water, and titrate the deposited iodine with 0.1 iV sodium thio- 
sulfate solution. Determine the titer of the bromine water by pouring 
a little into a porcelain dish, pipeting off 10 ml of it, allowing this amount 
to run into a solution of potassium iodide, and titrating the liberated 
iodine with 0.1 iV sodium thiosulfate solution. 

* In this formula the temperature of the spring does not come into consideration 
because the gas is at the laboratory temperature when measured. The volume V 
is expressed in liters. 

t After about 1 minute liquid will collect above the stopcock, owing to the drainage 
of the liquid from the sides of the buret; this is removed before adding the bromine. 
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The method of calculating the results will be illustrated best by- 
means of an example. 

Example, — A gas consisting of 90 volumes of air and 10 volumes of ethylene was 
used for the analysis. Taken for analysis, 91.2 ml of the mixture. Temperature, 
18.3°. Barometer reading, 725 mm. Tension of aqueous vapor at 18.3° = 15.6 


mm mercury. 

Volume of the ungraduated portion of the buret 6.10 ml 

Reading of the bromine water in the graduated part 10.00 mi 

Bromine water used 16.10 ml 

Titer of the bromine water: 


Ten milliliters of the bromine water correspond to 12.0 ml 0.1 iV sodium thiosulfate 
solution, so that 16.10 ml of bromine water are equivalent to 19.32 mi of 0.1 A 
sodium thiosulfate. 

We have now: 

16.1 ml bromine water = 19.32 ml 0.1 A solution 

16.1 ml bromine water -f ethylene = 12.23 ml 0.1 A solution 

The ethylene corresponds to 7.09 ml 0.1 A solution 


Since the absorption of the ethylene by the bromine water takes place according 
to the equation 

C 2 H 4 Br 2 = C2H4Br2 

it follows that 


2 Br = 2 I - 20,000 ml 0.1 A sodiuih thiosulfate solution « 22,270* ml ethylene 
gas. Since 1 ml 0.1 A sodium thiosulfate corresponds to 1.114 ml C2H4, the 7.09 ml 
of 0.1 A solution used represent 7.09 X 1.110 = 7.94 ml C 2 H 4 at 0 ° C and 760 mm 
pressure, or 9.10 ml C 2 H 4 at 18.3° C and 725 mm measured, moist. 


C 2 H 4 = 9.1 1 
Air = 82.1 / 


and in per cent 


f C 2 H 4 == 10.0 per cent 
1 Air = 90.0 per cent 


91.2 


100.0 per cent 


This method is especially suited for the determination of ethylene 
present with benzene in illuminating-gas. In one sample the sum 
of the two gases can be determined by absorption with fuming sulfuric 
acid or bromine water, and in a second sample the ethylene as described 
above. 


Remark — Instead of using bromine water, which changes its strength so rapidly, 
it is better to use a tenth-normal solution of potassium bromate; on acidifying an 
equivalent quantity of bromine is obtained if bromide is also present. 

The experiment is carried out as follows: Exactly as described above, 
introduce 90 ml of the gas into the Bunte buret, withdraw the water 
till the lower cock is reached, place some potassium bromate in a 
small porcelain dish, draw up about 10 ml of it into the buret, and 


* Of. p. 697. 
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determine the volume. Then, after wiping oil ilie lower eapOIaryj 
add an excess of concentrated potassium bromide solution and Untilly 
introduce an excess of dilute hydrochloric acid. After shaking S miii- 
uteSj-all the ethylene will be broniinaTed. At the end of this time, allow 
10 per cent potassium iodide soiutioii to enter the buret, shake and 
empty into an Erlenmeyer flask. Titrate the iodine thus liberated with 
0.1 A sodium thiosulfate solution. The calculation is carried out as 
before. 

6. Determination of Ethylene in the Presence of Acetylene 

In one sample determine the sum of the ethylene and acetylene by 
absorption in fuming sulfuric acid and determine the ethylene by the 
bromate-bromide absorption method, just described. In the cold, 
acetylene is not absorbed by dilute bromine water, and this method is 
suitable for determining ethylene in the presence of small quantities 
of acetylene. If considerable acetylene is present some acetylene is 
likely to be absorbed. 

The acetylene, however, may be removed by means of a 20 per cent 
solution of mercuric cyanide in 2N sodium hydroxide. Use 10 ml of 
the solution for each 50 ml of the gas mixture. Have the absorbent 
over the mercury in an absorption pipet. After the removal of the 
acetylene, ethylene can be removed by the following reagent: Dis- 
solve 20 g Hg(N03)2 in 100 ml of 2N HNO3 and saturate the solution 
with NaNOs. Use 5 ml of the absorbent over mercury for the absorp- 
tion of ethylene. After this benzene can be absorbed in fuming sul- 
furic acid and then CO, CH4 and H2 in the usual way. 

Gas-volumetric Methods 

If as a result of a chemical reaction a gas is evolved, from the vol- 
ume of which the weight of the original substance can be computed. 

Examples of this sort of an analysis were given under the determina- 
tion of CO2 in carbonates (pp. 350, 352, 356, 357), the carbon contents 
of iron and steel (pp. 369 and 371), and the NO3 in nitrates (p. 403). 

At this place a few more important determinations of the same nature 
win be described. 

1. Determination of Ammonia in Ammonium Salts 

The following method, first proposed by Knop* and later modified 
by P. Wagner, t depends upon the fact that ammonia is oxidized by 
sodium hypobromite with evolution of nitrogen: 

2 NHs + 3 NaOBr = 3 H2O + 3 NaBr + Ng 


* Chem. Centrdlbl., 1860, p. 243. 

t Z. ami. Chem., XIII (1874), p. 383; XV (1876), p. 250. 
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The nitrogen is collected in an azotometer and measured. 

If the amount of the ammonia is calculated from the volume of the 
nitrogen, too low results will be obtained, and this fact was formerly 
explained by the assumption that a part of the nitrogen was absorbed 
as such by the alkaline bromite solution. This is not true. At ordinary 
temperatures not all the ammonia is oxidized according to the above 
equation to water and nitrogen, but a small quantity of ammonium 
hypobromite is formed; for this reason too little nitrogen is obtained in 
the azotometer. If, on the other band, the decomposition takes place 
at 100'^, the reaction goes quantitatively according to the equation. 
It is inconvenient to work at such a high temperature, so that it is more 
practical to make a correction to the volume of nitrogen obtained at 
ordinary temperatures. 

Reagents and apparatus required: 

1. An ammonium chloride solution, obtained by dissolving 8.356 g of the pure 
sublimed salt in water and diluting to 500 ml; 10 ml of this solution evolve at 0° C 
and 760 mm pressure 35 ml of nitrogen, 

2. Sodium hypobromite solution. Dissolve 100 g of sodium hydroxide in water, 
dilute to 1250 ml and after cooling the flask in cold water, add 25 ml of bromine, 
vigorously shake the contents of the flask, and again cool. 

This solution must be preserved in a stoppered bottle and protected from the 
action of light. 

3: An azotometer. Instead of Wagner^s* azotometer Lunge’s Universal Apparatus 
(Fig. 70, h, p. 353), or any such measuring instrument may be used. 

Procedure. — Place 10 ml of the standard ammonium chloride solu- 
tion in the small Wagner decomposition bottle (Fig. 70, a, p. 353) 
and pour 40-50 ml of the hypobromite solution into the glass L (which 
is fused to the bottom of the bottle H). Then connect the bottle with 
the measuring-tube A,t which is entirely filled with mercury, open h, 
and lower the leveling-tube B. Incline the bottle H so that some of 
the hypobromite solution comes in contact with the solution of am- 
monium chloride and mix the two liquids by gentle shaking. A lively 
evolution of nitrogen at once takes place and the liquid becomes heated. 
As soon as the action ceases, allow fresh hypobromite solution to act 
upon the ammonium salt and repeat the process until finally all of the 
hypobromite is in the outer part of H. As soon as no more gas is 
evolved by shaking, place the decomposition bottle in water at the room 
temperature and after allowing it to stand 10 minutes, read the vol- 
ume of the nitrogen under the conditions described on p. 354. The 


* Loc. cit 

t The contents of the decomposition bottle are previously cooled to the room 
temperature before the cock 6 is connected with it. 
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volume of nitrogen at O'" and 760 mm thus found will be smaller ihaii 
the theoretical value of 35 mi, but it corresponds to the amuunt of 
ammonia contained in 10 ml of the ammonium chloride solution, f.tu, 
0.05320 g NHs. 

Carr}" out several determinations and take the mean of the results 
obtained for the correct value. 

After this, weigh out some of the ammonium salt to be analyzed, 
dissolve in water, and dilute so that 10 ml of the solution will contain 
approximately the same amount of ammonia as in the case of the stand- 
ard solution. Then if, for example, from a grams of an ammonium salt, 
V I milliliters of nitrogen at 0° and 760 mm pressure were found, and V 
milliliters were obtained from 0.05320 g of NHs in the standardization, 
then 


TT X 5.320 


per cent N 


Remark. — The results obtained by this method agree with those obtained by the 
distillation method described on p. 509. Only with substances containing thio- 
cyanates are the results obtained too high; in this case the thiocyanate is decomposed 
by the alkaline hypobromite solution with evolution of nitrogen and carbon mon- 
oxide, f 

Consequently, the above method affords uncertain results in the analysis of the 
ammonia in gas liquors. 

Urea is decomposed by the alkaline hypobromite solution according to the equation : 

COCXH.Jo + 3 XaOBr = 3 XaBr + CO 2 4- X^ + 2 H 2 O? 

so that it can be determined in the same way as ammonium salts, the carbon dioxide 
produced by the decomposition being kept back by means of caustic soda solution. 


2. Determination of Nitrous and Nitric Acids 

Principle. — If a solution of a nitrite or nitrate is shaken with mereur}^ and an 
excess of suliuric acid, all the nitrogen is set free as nitric oxide: 

2 HNO 2 + 2 Hg + H 2 SO 4 = 2 H 2 O A Hg 2 S 04 + 2 NO 
2 HNO 3 + 6 Hg -h 3 H 2 SO 4 = 4 H 2 O + 3 Hg 2 S 04 + 2 NO 

From the volume of the nitric oxide, the weight of the nitrate or nitrite is computed. 

* Lunge (Lunge-Berl, Chem. techn. Uniersuchungs77iethoden) does not standardize 
against the solution of ammonium chloride of known strength, but adds 2.2 per 
cent more ammonia to correspond to the loss of nitrogen. Then V X 0.001558 = g 
ammonia. 

t Donath and PoUak, Z. angew. Chem., 1897, 555. 

X This reaction does not take place as completely as with ammonium salts. Lunge 
finds in the determination of urea in urine that the nitrogen deficit is 9 per cent. 
If, therefore, the volume of nitrogen after being reduced to 0° and 760 mm is multiplied 
by 2.952, the correct urea value is obtained. 
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The analysis is best performed in a Lunge nitrometer,* which is 
a Bunte buret in which the lower stopcock is lacking and the lower end 
is connected with a leveling-tube containing mercury. By raising the 
latter, completely fill the nitrometer (which need not be graduated) 
with mercury and then close the two-way cock under the funnel. Place 
a weighed amount of the substance dissolved in a little water in the 
funnel, lower the leveling-tube, and introduce the solution into the 
nitrometer by carefully opening the cock. Wash out the funnel 4 
times with 2-3 ml of concentrated sulfuric acid. Now remove the 
decomposition tube from the frame, place it several times in a nearly 
horizontal position, and then quickly change to a vertical position. 
By this means the mercury becomes intimately mixed with the acid 
and the decomposition at once begins. Continue mixing 1-2 min- 
utes until there seems to be no further increase in the volume of the 
liberated gas. Then connect the decomposition vessel by means of 
a short piece of rubber tubing with the gas-buret filled with mercury, 
transfer the nitric oxide to the latter, and read its volume after reducing 
it to the standard conditions by means of the gas-compensation tube. 
(Cf. pp. 353-355, Fig. 70, h.) 

If in an analysis, a grams of a nitrate were taken and Fo milliliters 
corresponds to the volume of NO at 0° and 760 mm, we have: 

Fo X 62.01 


and in per cent : 

= 0.2769 X^ = percentNO, 

Remark. — For the analysis of ‘‘nitrose,” the author knows of no method which 
gives such exact results. 

For the determination of nitrous acid in the presence of nitric acid by 
a gas-volumetric method, P. Gerlingerf treats the neutral solution of 
the two salts with a concentrated solution of ammonium chloride, 
whereby the following reaction takes place: 

NH4CI + KNO2 = 2 H2O + KCl + N2 

Half of the nitrogen evolved, therefore, comes from the nitrous acid 
present. 


♦ Ber., 1890 , 440, and Z. angew. Chem., 1890 , 139. See also Lunge-Berl, Chem, 
techn. Untersuchungsmethoden. 

t Z. angew. Chem., 1901 , 1250. Cf. J. Gaihlot, /. Pharm. Chem., 1900 , 9. 
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Hydrogen Peroxide Methods 

Hydrogen peroxide in many eases acts us an oxidting agent ; in oiiita” 
cases it lias a marked mincing action, and by shukiiig with inert solids 
it is decomposed slowly into water and oxygen. 

This anomalous behavior can be explained very easily by assuming 
that one of the oxygen atoms in hydrogen peroxide has one positive 
and one negative charge as valence bonds. 

When h^’drogen peroxide decomposes spontaneously on standing, 
a reaction which is often aided by shaking with an inert substance, 
such as sand, this neutral oxygen atom is lost and oxygen molecules 
are formed. T\lien hydrogen peroxide acts as an oxidizing agent , 
this neutral ox^’^gen atom is reduced to its normal negative valence of 
two. 5Wien hydrogen peroxide acts as a reducing age^it, gaseous oxy- 
gen is always one of the products of the reaction. It is usually assumed 
that half of the evolved ox^^gen comes from the oxidizing agent and 
half from the hydrogen peroxide. Thus 

2 Mn04~ + 5 H 2 O 2 + 6 = 2 + 8 H 2 O t- 5 O 2 

In the two following methods which in%’olve the use of hydrogen 
peroxide, a large excess of the peroxide should not be used and long- 
continued shaking should be avoided. 

(a) Standardization of Permanganate Solutions 

The determination is best made according to Lunge in a gas volu- 
meter (p. 353, Fig. 70). To obtain correct results, however, it is ab- 
solutely necessary that no excess of hydrogen peroxide be present. 
Consequently it is necessary to determine by means of a preliminary 
experiment the exact value of the permanganate solution in terms of 
the H 2 O 2 solution used (cf. p. 570). Then place a measured amount of 
the latter in the outside part of the Wagner decomposition bottle 
(Fig. 70a, p. 353), and add 30 ml of 6 A’ sulfuric acid. After this, 
introduce the exact amount of hydrogen peroxide required for the de- 
composition of the permanganate into the inner part of the bottle and 
connect the bottle with the measuring-tube, which is fiUed with mercury, 
the cock h being removed for the time being, but it is replaced at the 
end of 2“3 minutes and turned to the position shown in the figure. 

Then mix the two liquids, taking care to hold the decomposition 
flask so that its contents will not be warmed by the heat of the hand, 
inclining it to an angle of about 90°, and shaking for exactly 1 minute. 
While the oxygen is being evolved, care must be taken that the gas in 
the eudiometer is under reduced pressure. After the decomposition 
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is accomplished, place the gas under atmospheric 
and by means of the compensation tube, reduce the 


manganate. 

Re^nark. — The volume of permanganate to be taken for the experiment is de- 
termined by the size of the measuring-tube. If it has a capacity of 150 ml, 15 ml 
of a 0.2 N solution or 40-50 ml of a 0.1 N solution should be taken. 

The hydrogen peroxide used should not be too concentrated; a 2 per cent solution 
is suitable. The available oxygen present in a sample of pyrolusite* can be deter- 
mined by the same procedure. 

(b) Determination of Cerium in Soluble Ceric Salts 

If hydrogen peroxide is added to an acid solution of a soluble ceric 
salt, the salt is reduced with evolution of oxygen : 

2 Ce-^ + H 2 O 2 = 2 Ce-H-+ + 2 H+ + O 2 

The determination is accomplished in precisely the same way as was 
described above in the standardization of the permanganate solution. 
If the volume of liberated oxygen under standard conditions is multi- 
plied by 0.01536, the product represents the corresponding weight of 
CeOa.f 

Remark — If a large excess of hydrogen peroxide is avoided in the above analysis, 
satisfactory results will be obtained. 

Silicon Fluoride, SiF 4 . Mol. Wt = 104.06 

Density = 3.605 (air = 1). Weight of 1 1 = 4.660 g 
Molar volume = 22,40 1 

Determination of Fluorine as Silicon Fluoride (Hempel and Oettel) J 

Principle. — If a mixture of calcium fluoride and powdered quartz is treated with 
concentrated sulfuric acid in a glass vessel, all the fluorine will be expelled as silicon 
fluoride: 

2 CaFa 4- SiOz + 2 H2SO4 = 2 CaS04 + 2 H2O -f SiF4 

and this gas can be collected and measured. 

One milliliter SiF 4 at 0° and 760 mm pressure corresponds to 0.006978 g CaFg, or 
0.003395 g Fa. 


* Lunge’s Alkali Makers' Handbook 
t Assuming that the atomic weight of Ce = 140.13. 
t Gasanalyiische Methodm. 
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Procedure. — 'Mix a weighed amount of the very finely powdered 
substance, which must not contain any other acid that can be expelled 
by treatment \tith concentrated sulfuric acid,^ with 3 g of finely pow- 
dered ignited quartz, and introduce into the dry decomposition flask 
K (Fig. 153). Evacuate the flask somewhat by twice lowering the 
ieveling-tube A with the stopcock H open, closing the cock and ex- 
pelling the air. At the beginning of the expf'ri:!:.'"*:-: . the buret H 
should not be connected with the Orsat tube 0. By raising the ground- 
glass tube R, cause about 30 mi of concentrated sulfuric acid to flow* 
into the flask. This acid must have been previoiL-^Iy heated in a por- 
celain crucible for some time at a temperature near the boiling point, 
to destroy every trace of organic 
matter, and allowed to cool in a 
desiccator over phosphorus pen- 
toxide. Heat the acid in K to 
boiling with the stopcock H 
open and frequently shake. 

During the entire experiment, 
keep the mercury level in the 
tube N a little low’er than that 
of the mercury in the measuring- 
tube ill. t 

At first the suKuric acid foams 
considerably, but soon ceases, 
which is a sure sign that the de- 
composition is complete. Then 
remove the flame, allows the sul- 
furic acid to cool, and expel all 
the gas in K by introducing Fig. 153. 

through V sulfuric acid, which 

has been previously heated and cooled as described above. As soon 
as the sulfuric acid reaches the stopcock H, close it. After waiting 
10 minutes more, place the gas under atmospheric pressure, by suitably 
raising iV, and note the volume and temperature. 

Now drive the gas over into the Orsat tube 0, containing caustic 
potash solution (1 : 2). The silicon tetrafiuoride is immediately ab- 
sorbed. Return the residual gas to the tube ilf, and after waiting 15 
minutes read the volume. The difference between the two readings 
gives the volume of silicon tetrafiuoride. 

*Cf. PP.I 23 , 424. 

t To keep the inside of N perfectly dry, place 2-3 ml of concentrated sulfuric acid 
on top of the mercury. 
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Remarks, *— A. Koeii tested this method in the author’s laboratory and obtained 
results varying from 98.97 to 102.63 per cent with pure calcium fluoride. To obtain 
this accuracy, however, it is necessary to carry out the decomposition under approxi- 
mately atmospheric pressure. When working under a vacuum the results were 
always too low. Thus in one case only 85.70 per cent of the theoretical value was 
obtained. 

During these experiments with reduced pressure, a white sublimate formed at the 
lower part of the condenser, which on coming in contact wdth the sulfuric acid that is 
introduced at the last, caused a strong effervescence. Since all the gas in the buret 
was replaced, however, w’e believed that the low results could be traced to the 
absorption of silicon fluoride by the sulfuric acid. This idea proved to be false, for 
a measured volume of silicon fluoride does not change when allowed to stand for 
24 hours over concentrated sulfuric acid. The error, therefore, must be caused by 
the deposit that has condensed in the lower part of the condenser. If the work is 
carried out under atmospheric pressure as described above, the white deposit is 
never obtained. 

The method can be used for the estimation of fluorine in the presence of car- 
bonates. In this case the silicon fluoride is absorbed by means of a little water and 
the carbon dioxide by means of caustic potash. However, as a little of the carbon 
dioxide is dissolved by the water, the gas residue which has been freed from carbon 
dioxide is shaken vdth this water again, whereby this dissolved carbon dioxide is 
removed and can be absorbed by a further treatment with caustic potash solution. 
For further details, consult the original paper by Hempel and Scheffler.* 


Determination of Water Vapor in Gas Mixtures 

In gas analysis it is a common practice to express the results in per- 
centages by volume. Thus if a mixture of oxygen and carbon dioxide 
measures Fi milliliters under atmospheric pressure and after the carbon 
dioxide has been absorbed the residual gas measures V 2 milliliters under 
the same pressure, it is customary to assume that the original gas 
contained 7i — V 2 milliliters of CO 2 and F 2 milliliters of oxygen. A 
little consideration will show that this is really an inexact assumption 
although it is true that the original mixture could be obtained by mixing 
the indicated volumes of carbon dioxide and oxygen. 

When two or more gases are mixed, each occupies the total volume 
of the mixture. This is an apparent contradiction because two bodies 
cannot occupy the same space. WTth a gas, however, the actual volume 
taken up by the molecules is very small compared to the total volume 
occupied by the gas, and it is customary to neglect it in gas analysis. 
Thus at 0° and 1 mm pressure, 1 1 of hydrogen gas contains only 0.16 ml 
of space actually occupied by hydrogen molecules. Under higher 
pressures, the actual volume occupied by the molecules becomes less. 

In F milliliters of carbon dioxide and oxygen under atmospheric 


* Z, annrn Ph. 


OA t 
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pressure^ therefore, there are present V milliliters of carbon dioxide and 
T milliliters of oxygen, and the pressure of the mixture is the eonibined 
pressures of the two gases. In any gas mixture, the tolal is ike 

sum of the partial pressures. 

In a mixture of two gases, the percentage cumposition can be easily 
computed if the volume of the gas mixture is kiKjwn under a definite 
pressure and temperature, and, at the same time, the partial pressure 
of one of the gases is known. [Moreover, the ratio of the partial pres- 
sures of the gases shows the relative volumes provided the gases were 
measured singly under the same pressure and at the same temperature. 

Applications. — 1. Reduction of Volumes of Moist Gases to a Dry 
Condition at 0® and 760 mm. If a gas is saturated with water vapor 
at any temperature, the partial pressure exerted by the water is known. 
Water evaporates until the vapor pressure of the liquid water is exactly 
balanced by the gas pressure exerted by the evaporated water and this 
is independent of whether other gases are present or not. The table on 
pp. 774-776 gives the vapor pressures of water at various temperatures. 
If a gas saturated with water vapor occupies a volume 15 at f and 
P millimeters pressure (of liquid mercury) and w is the tension of aqueous 
vapor at this temperature, then the volume occupied by the dry gas 


at 0® and 760 mm pressure would be T5, = V 


(P - iv) 273 


'760 (273 + 0 

2. Calculation of the Moisture in the Air at Normal Pressure (760 mm) 
and Temperature f. 

What is the percentage of moisture (by volume) of air saturated with 
moisture at 0®, 25®, and 35°? According to the table: wq = 4.6 mm; 
W 26 == 23.5 mm; and wro = 41.8 mm. By dmding each of these 
values by 760 and multiplying by 100, we find the percentage of moisture 
to be 0.61 per cent at 0°, 3.09 per cent at 25®, and 5.50 per cent at 35®. 

If the gas is not saturated with moisture, the relation of the dry gas 
to the moist one can be computed if the degree of saturation, or humidity, 
is known. The humidity of the gas expresses the amount of moisture 
as a percentage of the amount that the gas contains w^hen saturated 
with moisture. Thus if the humidity is 50 per cent, the gas could take 
up just as much more w’-ater at the prevailing temperature. If the 
humidity is r, then if the given gas were measured dry at 760 mm 

F(P - r 

and at the same temperature, its volume would be 


and 


if the water exists as gas at 760 mm pressure and the same temperature, 

, . V - T 'W 

its volume is 
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3. Calculation of the Weight of Water-vapor in a Given Volume of 
Air, at f and P millimeters pressure, which is saturated with moisture. 

If 1 ml of water exists as a gas at 0° and 760 mm pressure, it 
ought to weigh 0.000801 g as an ideal gas. At t° and P millimeters 
pressure, it should weigh 

0.000801 X P X 273 
760 X (273 + i) ® 

If the gas is not saturated with water vapor, but the degree of satu- 
ration (the humidity) is known, then the following formula gives the 
weight of water-vapor present in the volume Vt of the gas, 

0.00801 - r-w-Vf 273 
760 (273 + 0 ® 

Or, if the weight of vapor present in a given gas volume is known, 
then from the last equation the humidity, r, of gas may be computed: 

g • 760 (273 + t) 

^ 0.000801 273 

Density Tables 

’ One of the easiest methods for determining the percentage compo- 
sition of a solution containing only one dissolved substance is to deter- 
mine the density of the solution. This, however, is not a reliable method 
of analysis because the density of a solution is never strictly proportional 
to the quantity of dissolved substance, and if a density curve is plotted 
for all possible concentrations, it will sometimes be found that there 
are, at certain parts of the curve, two different concentrations that 
have the same density. 

Instead of determining the density of a solution, or weight of the unit 
volume, it is often customary to determine the weight of the solution' 
as compared to the weight of the same volume of another liquid. Water 
is commonly taken as the basis of comparison, and since 1 ml of water 
at 4° weighs 1 g, the specific gravity when referred to water at this 
temperature is the same as the density, when this is defined as the 
weight in grams of 1 ml of water. 

Unfortunately, however, usage has not been uniform in the choice 
of temperature at which the specific gravities have been taken, and the 
comparison is often made with water at the same temperature. 

The extensive application of hydrometers as measuring instruments 
in the collection of revenues in commerce and for buying and selling 
certain liquids has led the U. S. Bureau of Standards to define the vari- 



DENSITY TABLES 


va/ 


ous scales in terms of fundamental units. Some of the tables in this 
book are taken from this source. About 15 years previously the Alanu- 
facturing Chemists^ Association of the United States published tables, 
which have been copied in quite a number of text-books, in which the 
specific gravities were taken at 60"^ Fahrenheit and referred to water at 
the same temperature. 

^Tienever a specific gravity value is given, the modulus should also 

60 ^ 

be stated. Thus a specific gravity at means that the comparison 

15 ^ 

wns made at 60° F with w^ater at the same temperature, and C means 

that the comparison was made at 15° C with w'ater at 4° C. 

The confusion, howwer, does not end here. Just as certain civilized 
countries, particularly England and the United States, have been 
slow^ to adopt the metric system, so the people of most countries hav’e 
held tenaciously to other scales for determining relative masses of 
equal volumes of liquids. Thus the English Twaddell scale and the 
various French Baum6 scales are still in constant use. Throughout the 
text of this book, the metric system has been used for the sake of sim- 
plicity, and, as far as the anal}i:ical chemist is concerned, density 
tables are, on the w^hole, more satisfactory than specific gravity tables. 
Data will be givmn, however, showing how these tables can be translated 
into other units. 

TABLE I. —DENSITY OF WATEB AT DIFFERENT 
TEyiPERATURES* 


i 

Density 

t 

Density 

t 

Density 


0.999867 

W 

0.999271 

2S° 

0.996258 

1 

9926 

15 

9126 

29 

0.995969 

2 

9968 

16 

8969 

30 

5672 

3 

9992 ■ 

17 

8801 

31 

5366 

4 

1.000000 

18 

8621 

32 

5052 

5 

0.999992 

19 

8430 

33 

0.994728 

6 

9968 

20 

8229 

34 

4397 

7 

9929 

21 

8017 

35 

4058 

8 

9876 

22 

0.997795 

36 

0.993711 

9 

9808 

23 

7563 

37 

3356 

10 

9727 

24 

7321 

38 

0.992993 

11 

9632 

25 

7069 

39 

2622 

12 

9524 

26 

0.99680S 

40 

0.992244 

13 

9404 

27 

6538 




' P. Chappuis. 
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TABLE 2. — WEIGHT OF 1 GALLON OF WATER 

Based on the work of Chappuis and of Thiesen. Water is assumed to be weighed 
in dry air at the same temperature up to 40°. Above 40°, the temperature of the 
air is assumed to be 20°. The calculations were on the assumption that 1 1 = 
61.023 in. The water is distilled water containing a normal quantity of ^^heavy 
wmter.” 


Temperature 

Weight in Grams 

W^eight in Pounds 

°G 

“F 

0 

32 

3780.5 

8.3346 

4 

39.2 

3781.1 

8.3359 

10 

50 

3780.1 

8.3338 

15 

59 

3777.9 

8.3289 

15.56 

60 

3777.6 

8.3282 

20 

68 

3774.6 

8.3216 

25 

77 

1 3770.3 

8.3121 

30 

86 

3765.1 

8.3006 

40 

104 

3752.2 

8.2723 

50 

122 

3736.2 

8.2369 

60 

140 

3717.9 

8.1966 

70 

158 

3697.4 

8.1514 

SO 

176 

3674.8 

8.1015 

90 

194 

3650.3 

8.0474 

100 

212 

3623.9 

7.9894 


TABLE 3. — WEIGHT OF 1 CU. FT. OF WATER 


Temperature 

Weight in Grams 

Weight in Pounds 


“F 

0 

32 

28,280 

62.347 

4 

39.2 

28,284 

62.357 

10 

50 

28,277 

62.335 

15 

59 

28,261 

62.305 

15.56 

60 

28,259 

62.299 

20 

68 

28,236 

62.250 

25 

77 

28,204 

62.179 

30 

86 

28,165 

62.093 

40 

104 

28,068 

61.881 
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TABLE 4. — DEGREES B.AUMfi. POUNDS PER GALLON, AND 
GALLONS PER POUND CORRESPONDING TO 
VARIOUS SPECIFIC GRAVITIES 


Specific Gravity 

60 "/'GO'' F 

1 Decrees Baurae 

1 Pounds per Gallou 

! 

j Gallons per Pound 

0.600 

103.33 

4.993 

0.2003 

.610 

99.51 

5.076 1 

.1970 

.620 

95. SI 

5.160 

.1938 

.630 

92.22 

5.243 

.1907 

.640 

88.75 

5.326 

.1877 

.650 

85.38 

5.410 

.1848 

.660 

82.12 

5.493 

.1820 

.670 

78.96 

5.577 

.1793 

.680 

75.88 

5.660 

.1767 

.690 

72.90 

5.743 

1 .1741 

.700 

70.00 

5. 827 

: .1716 

.710 

67.18 

5.910 

.1692 

.720 

64.44 

5.994 

.1668 

.730 

61.78 

6.077 

.1646 

.740 

59.19 

6.160 

.1623 

.750 

56.67 

6.244 

.1602 

.760 

54.21 

6.327 

.1580 

.770 

51.82 

6.410 

.1560 

.780 

49.49 

6.494 

.1540 

.790 

47.22 

6.577 

.1520 

.800 

45.00 

6.661 

.1501 

.810 

42.84 

6.744 

.1483 

.820 

40.73 

6.827 

.1465 

.830 

38.68 

6.911 

.1447 

.840 

36.67 

6.994 

.1430 

.850 

34.71 

7.078 

.1413 

.860 

32.79 

7.161 

.1396 

.870 

30.92 

7.24i 

.1380 

.880 

29.09 

7.328 

.1365 

• .890 

27.30 

7.411 

.1349 

.900 

25.56 

7.494 

.1334 

.910 

23.85 

7.578 

.1320 

.920 

22.17 

7.661 

.1305 

.930 

20.54 

7.745 

.1291 

.940 

18.94 

7-828 

.1278 

.950 

17.37 

7.911 

.1264 

.960 

15.83 

7.995 

.1251 

.970 

14.33 

8.078 

.1238 

.980 

12.86 

8.162 

.1225 

.990 

11.41 

8.245 

.1213 

1.000 

10.00 

8.328 

.1201 
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TABLE 2, "-WEIGHT OF 1 GALLON OF WATER 

Based on the work of Chappuis and of Thiesen. W ater is assumed to be weighed 
in dry air at the same temperature up to 40°. Above 40°, the temperature of the 
air is assumed to be 20°. The calculations were on the assumption that 1 1 = 
61.023 in. The water is distilled water containing a normal quantity of ‘^heavy 
water.” 


Temperature 

Weight in Grams 

Weight in Pounds 

“C 

OF 

0 

32 

3780.5 

8.3346 

4 

39.2 

3781.1 

8.3359 

10 

50 

3780.1 

8.3338 

15 

59 

i 3777.9 

8.3289 

15,56 

60 

3777.6 

8.3282 

20 

68 

3774.6 

8.3216 

25 

77 

3770,3 

8.3121 

30 

86 

3765.1 

8,3006 

40 

104 

3752.2 

8.2723 

50 

122 

3736,2 

8.2369 

60 

140 

3717.9 , 

8.1966 

70 

158 

3697.4 

8.1514 

80 

176 

3674.8 

8.1015 

90 

194 

3650.3 

8.0474 

100 

212 

3623.9 

7.9894 


TABLE 3. - WEIGHT OF 1 CU. FT. OF WATER 


Temperature 

Weight in Grams 

Weight in Pounds 

'■c 

op 

0 

32 

28,280 

62.347 

4 

39.2 

28,284 

62.357 

10 

50 

28,277 

62.335 

15 

59 

28,261 

62.305 

15.56 

60 

28,259 

62.299 

20 

68 

28,236 

62.250 

25 

77 

28,204 

62.179 

30 

86 

28,165 

62.093 

40 

104 

28,068 

6L881 . 
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TABLE 4. - DEGREES BAOIE, POUNDS PER GALLON, AND 
GALLONS PER POUND CORRESPONDING TO 
VARIOUS SPECIFIC GRAVITIES 


specific Gravity 
60 V 60 ® F 

Dc-arec*.= Baun:6 

Pounds per Gallon 

Gallons per Pound 

0.600 

103.33 

4.993 

0 . 2 (X )3 

.610 

99.51 

5.076 

.1970 

.620 

95.81 

5.160 

.1938 

.630 

92.22 

5.243 

.1907 

.640 

88.75 

5.326 

. 1877 

.650 

85.38 

5.410 

.1848 

.660 

82.12 

5.493 

.1820 

.670 

78.96 

5.577 

.1793 

.680 

75.88 

5.660 

.1767 

.690 

72.90 

5.743 

.1741 

.700 

70.00 

5. 827 

.1716 

.710 

67.18 

5.910 

.1692 

.720 

64.44 

5.994 

.1668 

.730 

61.78 

6.077 

.1646 

.740 

59.19 

6.160 

.1623 

.750 

56.67 

6.244 

.1602 

.760 

54.21 

6.327 

.1580 

.770 

51.82 

6.410 

.1560 

.780 

49.49 

6.494 

.1540 

.790 

47.22 

6.577 

.1520 

.800 

45.00 

6.661 

.1501 

.810 

42.84 

6.744 

,1483 

.820 

40.73 

6.827 

1 ,1465 

.830 

38.68 

6.911 

.1447 

.840 

36.67 

6.994 

.1430 

.850 

34.71 

7.078 

i .1413 

.860 

32.79 

7.161 

.1396 

.870 

30.92 

7.244 

.1380 

.880 

29.09 

7.328 

. 1365 

.890 

27.30 

7.411 

! .1349 

.900 

25.56 

7.494 

.1334 

.910 

23.85 

7.578 

.1320 

.920 

22.17 

7.661 

.1305 

.930 

20.54 

7.745 

.1291 

.940 

18.94 

7.828 

.1278 

.950 

17.37 

7.911 

.1264 

.960 

15.83 

7.995 

.1251 

.970 

14.33 

8.078 

.1238 

.980 

12.86 

8.162 

.1225 

.990 

11.41 

8.245 

.1213 

1.000 

I 10.00 

8.328 

.1201 
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TABLE 5. - SPECIFIC GEAVITIES, POUNDS PEE GALLON, AND 
GALLONS PEE POUND COEEESPONDING TO 
VAEIOUS DEGEEES BALTME 


Degrees 

Baiim4 

(Modulus 

140) 

Specific 
Gravity 
60760“ F 

Pounds per 
Gallon 

Gallons per 
Pound 

Degrees 

Baume 

(Modulus 

140) 

Specific 
Gravity 
60760“ F 

Pounds per 
Gallon 

Gallons per 
Pound 

10.0 

1.0000 

8. 328 

0.1201 

55.0 

0.7568 

6.300 

0.1587 

11.0 

.9929 

8.269 

.1209 

56.0 

.7527 

6.266 

.1596 

12.0 

.9859 

8.211 

.1218 

57.0 

.7487 

6.233 

.1604 

13.0 

.9790 

8.153 

.1227 

58.0 

.7447 

6.199 

.1613 

14.0 

.9722 

8.096 

.1235 

59.0 

.7407 

6,166 

.1622 

15.0 

.9655 

8.041 

.1244 

60.0 

.7368 

6.134 

.1630 

16.0 

.9589 

7.986 

.1252 

61.0 

.7330 

6.102 

.1639 

17.0 

.9524 

7.931 

.1261 

62.0 

.7292 

6.070 

.1647 

18.0 

.9459 

7.877 

.1270 

63.0 

.7254 

6.038 

.1656 

19.0 

.9396 

7.825 

.1278 

64.0 

.7216 

6.007 

.1665 

20.0 

.9333 

7.772 

.1287 

65.0 

.7179 

5.976 

.1673 

21.0 

.9272 

7.721 

.1295 

66.0 

.7143 

5.946 

.1682 

22.0 

.9211 

7.670 

.1304 

67.0 

.7107 

5.916 

.1690 

23.0 

.9150 

7.620 

.1313 

68.0 

.7071 

5.886 

.1699 

24.0 

.9091 

7.570 

.1321 

69.0 

.7035 

5.856 

.1708 

25.0 

.9032 

7.522 

.1330 

70.0 

.7000 

5.827 

.1716 

26.0 

.8974 

7.473 

.1338 

71.0 

.6965 

5.798 

.1725 

27.0 

.8917 

7.425 

.1347 

72.0 

.6931 

5.769 

.1733 

28.0 

.8861 

7.378 

.1355 

73.0 

.6897 

5.741 

.1742 

29.0 

.8805 

7.332 

.1364 

74.0 

.6863 

5.712 

.1751 

30.0 

.8750 

7.286 

.1373 

75.0 

.6829 

5.685 

.1759 

31.0 

.8696 

7.241 

.1381 

76.0 

.6796 

5.657 

.1768 

32.0 

.8642 

7.196 

.1390 

77.0 

.6763 

5.629 

.1776 

33.0 

.8589 

7.152 

.1398 

78.0 

.6731 

5.602 

.1785 

34.0 

.8537 

7.108 

.1407 

79.0 

1 .6699 

5.576 

.1793 

35.0 

.8485 

7.065 

.1415 

80.0 

,6667 

5.549 

.1802 

36.0 

.8434 

7.022 

.1424 

81.0 

.6635 

5.522 

.1811 

37.0 

.8383 

6.980 

.1433 

82.0 

.6604 

5.497 

.1819 

38.0 

.8333 

6.939 

.1441 

83.0 

.6573 

5.471 

.1828 

39.0 

.8284 

6.898 

.1450 

84.0 

.6542 

5.445 

.1837 

40.0 

.8235 

6.857 

.1459 

85.0 

.6512 

5.420 

.1845 

41.0 

.8187 

6.817 

.1467 

86.0 

.6482 

5.395 

.1854 

42.0 

.8140 

6.777 

.1476 

87.0 

,6452 

5.370 

.1862 

43.0 

.8092 

6.738 

.1484 

88.0 

.6422 

5.345 

.1871 

44.0 

.8046 

6.699 

.1493 

; 89,0 

,6393 

5.320 

.1880 

45.0 

.8000 

6.661 

.1501 

90.0 

.6364 

5.296 

.1888 

46.0 

.7955 

6.623 

.1510 

91.0 

.6335 

5.272 

.1897 

47.0 

.7910 

6.586 

.1518 

92.0 

.6306 

5.248 

.1905 

48.0 

.7865 

6.548 

,1527 

93.0 

.6278 

5.225 

.1914 

49.0 

.7821 

6.511 

.1536 

94.0 

.6250 

5.201 

.1923 

50.0 

.7778 

6.476 

.1544 

95.0 

.6222 

5.178 

.1931 

51.0 

.7735 

6.440 

.1553 

96.0 

.6195 

5.155 

.1940 

52.0 

.7692 

6.404 

.1562 

97.0 

.6167 

5.132 

.1949 

53.0 

.7650 

6.369 

.1570 

98.0 

.6140 

5.110 

.1957 

54.0 

.7609 

6.334 

.1579 

99.0 

.6114 

5.088 

.1966 

55.0 

.7568 

6.300 

.1587 

100.0 

.6087 

6.066 

.1974 
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TABLE 6. - DEGREES BALWifi CORRESPOXDING TO SPECIFIC 


GRAVITIES AT^°F FOR LIQUIDS HEAVIER 

TH.VX WATER 


[Calculated from the formula degrees Baume 


145- 


145 



which defines the Baum4 scale, In 


general use in the United States, for liquids heavier than water] 


lo.OoGp 
15.056 ' 

0 

1 


3 

'£ 

5 

6 

7 

S 

9 

Dbl. 

LOO 

0.000 

0.145 

0.2S9 

0.434 

0.57S 

0.721 

0.SG5 

LOOS 

1.151 

L293 

143 

1.01 

1.436 

1.57S 

1.719 

I.S61 

2.002 

2.143 

2 2!\3 

2.424 

2.564 

2.704 

141 

1.02 

2.S43 

2.9S2 

3.121 

3.260 

3.399 

3.537 

3.675 

S.S12 

3.950 

4,057 

138 

1.03 

4.223 

4.360 

4.496 

4.632 

4.768 

4.903 

5. OSS 

5.174 

5. SOS 

5.443 

136 

1.04 

5.577 

5.711 

5.84o 

5.9TS 

6.111 

6.244 

6.377 

6.509 

6.641 

6.773 

133 

1.05 

6.905 

7.036 

7.167 

7,298 

7.429 

7.559 

7,689 

7. 819 

7.949 

8.078 

130 

1.06 

8.208 

8.336 

8.465 

8.594 

8.722 

8.850 

8.978 

9.105 

9.232 

9.359 

12S 

1.07 

9.486 

9.613 

9.739 

9. 865 

9.991 

10.116 

10.242 

10.367 

10.492 

10.616 

126 

1.08 

10,741 

10.865 

10.989 

11.113 

11.236 

11.359 

11.4S3 

11.605 

11.728 

11.850 

124 

1.09 

11.972 

12,094 

12.216 

12.338 

12.459 

12.580 

12.701 

12.621 

12.942 

23.062 

121 

1.10 

13.182 

13.302 

13.421 

13.540 

13.659 

13.778 

13.897 

14.015 

14.134 

14.252 

119 

1.11 

14.370 

14.487 

14.604 

14.721 

14.S3S 

14.955 

15.072 

15.188 

15.304 

15.420 

117 

1.12 

15.536 

15.651 

15.767 

15.SS2 

15.097 

16.111 

16.226 

16.340 

16.454 

16,563 

115 

1.13 

16.682 

16.795 

16. 90S 

17.021 

17.134 

17.247 

17.359 

17.471 

17.5S3 

17.695 

113 

1.14 

17.807 

17.919 

18.030 

18.141 

18.252 

18.363 

18.473 

1S.5S3 

15.693 

18.803 

in 

1.15 

18.913 

19.023 

19,132 

19.241 

19.350 

19.459 

19.508 

19.676 

19.7S4 

19.892 

109 

1.16 

20.000 

20.108 

20.215 

20.322 

20.430 

20.536 

20.643 

20.750 

20.S56 

20.962 

107 

1.17 

21.068 

21.174 

21.280 

21.385 

21.491 

21.596 

21.701 

2LS06 

21.910 

22.014 

105 

1.18 

22.119 

22 223 

22.327 

22.430 

22.534 

22.637 

22.740 

22.843 

22.946 

23.049 

103 

1.19 

23.151 

23.254 

23.356 

23.458 

23.560 

23.661 

23,763 

23.864 

23.965 

24.066 

101 

1.20 

24.167 

■ 24.267 

24.368 

24.468 

24.568 

24.668 , 

24.768 ^ 

24.868 

24.967 

25.066 

100 

1.21 

25.165 

25.264 

25.363 

25.462 

25.560 

25.658 

25.755 

25.855 

25.952 

26.050 

98 

1 22 

26.148 

26.245 

26.342 

26.439 

26.536 

26.633 

26.729 

26.S26 

26.922 

27.018 

97 

1.’23 

27.114 

27.210 i 

27.305 

27.401 

27.496 

27.591 

27.6S6 

27.781 

27.S76 

27.970 

1 95 

1.24 

28.065 

28.159 

28.253 

28.347 

28.441 

28.534 

28. 628 

28.721 

' 2S.8I4 

I 2S.907 

! 94 

1.25 1 

29.000 

29.093 

29.185 

29.278 

29.370 

29.462 

29.554 

29.646 

j 29.738 

29.829 

92 

1.26 

29.921 ^ 

30.012 

30.103 

30.194 

30.285 

30.376 

30.466 

30.556 

30.647 

30.737 

91 

1.27 

30.827 

30.917 

31-006 

31.096 

31.185 

31.275 

31.364 

31.453 

i 31.542 

31.630 

89 

1.28 

31.719 

31.807 

31.896 

31.984 

32.072 

32.160 

32.247 

32.335 

^ 32.422 

32.510 

88 

1.29 

32.597 

33.684 

32.771 

32.858 

32.944 

33.031 

33.117 

33.204 

I 33.290 

33.376 

87 

1.30 

33.462 

33.547 

33.633 

33.718 

33.804 

33.889 

33.974 

34.059 

34.144 

34.229 

85 

1.31 

34.313 

34.397 

34.482 

34.566 

34.650 

34.734 

34.818 

34.901 

34.985 

35.068 

84 

1.32 

35.152 

35.235 

35.318 

35.401 

35.483 

35,566 

35.649 

35.731 

35.813 

35.895 

83 

1.33 

35-977 

36.059 

36.141 

36.223 

36.304 

36.386 

36.467 

36.548 

36.629 

36.710 

81 

1.34 

36.791 

36.872 

! 36.952 

37.033 

37.113 

37.173 

37.273 

37.353 

37.433 

37.613 

80 

1.35 

37.593 

37.672 

37.751 

37.831 

37.910 

37.989 

38.068 

38.147 

3S.225 

38.304 

79 

1.36 

38.382 

38.461 

38.539 

38.617 

38.695 

38.773 

38.851 

38.928 

39.006 

39,803 

78 

1.37 

39.161 

39.238 

39.315 

39.392 

39.469 

39.546 

39,622 

39.609 

39.775 

39.851 

77 

1.38 

39.928 

40.004 

40.080 

40.156 

40.231 

40.307 

40.382 

40.458 1 

40.533 

40.608 

76 

1,39 

40.683 

40.758 

40.833 

40.908 

40.983 

41.057 

41.132 

41.206 1 

41,280 

41.355 

75 

1.40 

41.429 

41.503 

41.576 

41.650 

41.724 

41.797 

41.871 

41.944 

42.017 

42.090 

74 

1.41 

42.163 

42.236 

42.309 

42.381 

42.454 

42.527 

42.599 

42.671 

42.743 

42.815 

73 
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DENSITY T.YBLES 


TABLE 6. -DEGREES BALDIE CORRESPONDING TO SPECIFIC 
GRAVITIES AT p FOR LIQUIDS HEAVIER 

THAN WATER. — CoJitad 


P^15.056p 

0 

1 

0 

3 

4 . 

5 

6 

7 

s 

9 

Biff . 

1.41 

42.163 

42.236 

42.309 

42.381 

42.454 

i 42.527 

42.599 

42.671 

42.743 

42.815 


1.42 

42 . SS 7 

42.959 

43.031 

43.103 

43.174 

43.246 

43.317 

43.388 

43.459 

43.530 

72 

1.43 

43.601 

43.672 

43.743 

43.814 

43 . 8 S 4 

43.955 

44.025 

44.095 

44.166 

44.236 

71 

1.44 

44.306 

44.376 

44.445 

44,515 

44 . 5 S 5 

44.654 

44.724 

44.793 

44.862 

44.931 

70 

1.45 

45.000 

45.069 

45.138 

45.207 

45.275 

45.344 

45.412 

45.481 

45.549 

45.617 

69 

1.46 

45 . 6 S 5 

45.753 

45.821 

45.889 

45.956 

46.024 

46.091 

46.159 

46.226 

46.293 

67 

1.47 

46.361 

46.428 

46.495 

46.562 

46.628 

46.695 

46 . 7 C 2 

46.828 

46.894 

46.961 

67 

1.48 

47.027 

47.093 

47,159 

47.225 

47.291 

47.357 

47.423 

47.488 

47.554 

47.619 

66 

1.49 

47 . 6 S 5 

47.750 

47.815 

47.880 

47.945 

48.010 

48.075 

48.140 

48.204 

48.269 

65 

1.50 

48.333 

48.398 

48.462 

48.526 

48.591 

4 S .655 

48.719 

48.782 

48.846 

48.910 

64 

i.Sl 

48.974 

49.037 

49.101 

49.164 

49.227 

49.290 

49.354 

49.417 

49.480 

49.543 

63 

1.52 

49.605 

49.668 

49.731 

49.793 

49.856 

49.918 

49.980 

50.043 

50.105 

50.167 

62 

1.53 

50.229 

50.291 

50.353 

50.414 

50.476 

50.538 

50.599 

50.660 

50.722 

50.783 

61 

1.54 

50.844 

50.905 

50.966 

51.027 

51.088 

51.149 

51.210 

51.270 

51.331 

51.391 

61 

1.55 

1 51.452 

51.512 

51.572 

51.632 

51.692 

51,752 

51.812 

51.872 

51.932 

51.992 

60 

1.56 

52.051 

52.111 

52.170 

53.230 

52.289 

52.348 

52.407 

52.467 

52,526 

52.585 

59 

1.57 

52.643 

52.702 

52.761 

52.820 

52.878 

52.937 

52.995 

53.053 

53.112 

53.170 

' 59 

1.58 

53.228 

53.286 

53.344 

53.402 

53.460 

53.517 

53.575 

53.633 

53.690 

63.748 

58 

1.59 

53.805 

: 53.862 

53.920 

63.977 

54.034 

54.091 

54.148 

54.205 

54.262 

54.318 

57 

1.60 

54.375 

54.432 

[ 54.488 

54.545 

54.601 

54.657 

54.714 

54.770 

54.826 

54.882 

56 

1.61 

54,938 

1 54.994 

55.050 

55.106 

55.161 

55.217 

55.272 

55.328 

55.383 

55.439 

56 

* 1.62 

55.494 

55.549 

^ 55.604 

55.659 

55.714 

55.769 

55.824 

55.879 

55.934 

55.988 

55 

1.63 

56.043 

56.098 

56.152 

56.206 

56.261 

56.315 

56.369 

56.423 

56.478 

56.531 

54 

1.64 

56.585 

56.639 

56.693 

56.747 

56.801 

56.854 

56.908 

56.961 

57.015 

57.068 

54 

1.65 

57.121 

57.175 

57.228 

57.281 

57.334 

67.387 

57.440 

57.493 

57.545 

57.598 

53 

1.66 

57.651 

57.703 

57.756 

57.808 

57.861 

57.913 

57.965 

58.017 

58.070 

58.122 1 

52 

1.67 

58.174 

68.226 

58,278 

58.329 

58.381 

58.433 

58.485 

58.536 

58.588 

58.639 

52 

1.68 

58.690 

58.742 

58.793 

58,844 

58.896 

58.947 

58.998 

59.049 

59.100 

59.150 I 

51 

1.69 

59.201 

59.252 

59.303 

59.353 

59.404 

59.454 

59.505 

59.555 

59.605 

59.656 

50 

1.70 

59.706 

59.756 

59.806 

59.856 

59.906 

59.956 

60.006 1 

60.056 

60.105 j 

60.155 

50 

1.71 

60.205 

60.254 

60.304 

60.353 

60,403 

60.452 

60.501 

60.550 

60.600 

60.649 

49 

1.72 

60.698 

60.747 1 

60.796 

60.844 1 

60.893 

60.942 

60.991 

61.039 i 

61.088 

61.136 i 

49 

1.73 

61.185 

61.234 

61.282 

61,330 ! 

61.378 

61.427 

61.475 

61.523 ! 

61.571 

61.619 i 

48 

1.74 

61.667 

61.715 ! 

61.762 

61.810 

61.858 

61.906 

61.953 

62.001 i 

62.048 

62.096 I 

48 

1.76 

62.143 

62.190 

62.237 

62.285 

62.332 

62.379 

62.426 

62.473 1 

62.520 

62.567 

47 

1.76 

62.614 

62.660 

62.707 

62.754 

62.801 

62.847 

62.894 

62.940 ^ 

62,987 

63.033 

46 

1.77 

63.079 

63.125 

63.172 

63.218 

63.264 

63.310 

63.356 

63.402 

63.448 

63.494 

46 

1.78 

63.539 

63.585 

63.631 

63.676 

63.722 

63.768 

63.813 

63.858 

63.904 

63.949 i 

46 

1.79 

63.994 

64.040 

64.085 

64.130 

64.175 

64.220 

64.265 

64.310 

64.355 

64.400 1 

45 

1.80 

64.445 

64.489 

64.534 

64.579 

64.623 

64.668 

64.712 

64.757 

64,801 

64.845 

45 

1.81 

64.890 

64.934 

64.978 

65.022 

65.066 

65.110 

65.154 

65.198 

65.242 

65.286 

44 

1.82 

65.330 

65.374 

65.417 

65.461 

65.504 

65.548 

65.591 

65.635 

65.678 

65.722 

43 

1.83 

65.765 

65.808 

65.852 

65,895 

65.938 

65,981 

66.024 

66.067 

66.110 

66.153 

43 

1.84 

1.85 

66.196 

66.622 

66.238 

66.281 

66.324 

66.367 

66.409 

66,452 

66.494 

66.537 

66.579 

42 



SPECIFIC GRAVITIES FOR LIQUIDS HEAMER THAN WATER 7tj3 


TABLE 7.- SPECIFIC GRAVITIES AT^F CORRESPOND- 

60 \lo.0ab J 

ING TO DEGREES BAIDifi FOR LIQUIDS HEAVIER THAN WATER 

I Calculated from the formula specific gravitv F = pild.. | 

L ‘ GU'* 145 — deg Baurne I 


Degrees 




Tent hs of Degree.^ B 

aume 




Baume 

0 

1 

2 

3 

4 

5 

6 

7 


9 

0 

1.0000 

1.0007 

1.0014 

1.0021 

1.002S 

1.0035 

1.0042 

1.0049 

1 . Ch}*j5 

1.C052 

1 

1.0069 

1.0076 

1.00S3 

1.0090 

1.0097 

1.0105 

1.0112 

l.sJkllO 

1.0120 

1.0133 

2 

1.0140 

1.0147 

1.0154 

I.OIGI 

I.OIGS 

1.0175 

1.0iS3 

I.U190 

1.0107 

i l;204 

3 

1.0211 

1.021S 

1.0226 

1.0233 

1.0240 

1.0247 

1.02.55 

1.02G2 

1.0209 

1 1:276 

4 

1.02S4 

1.0291 

1.029S 

1.0306 

1.0313 

1.0320 

1.032S 

1 . 0335 

1.0342 

l.is350 

5 

1.0357 

1.0365 

1.0372 

1.0379 

1.03S7 

1.0304 

1.0402 

1.04(j9 

1.0417 

1 0424 

6 

1.0432 

1.0439 

1.0447 

1.0454 

1.0462 

1.0469 

1.0477 

1.0484 

1 04*.f2 

1.0500 

7 

1.0507 

1.0515 

1.0522 

1.0530 

1 . 053S 

1.0545 

1.0553 

1.0501 

1.0569 

1.0576 

8 

1.05S4 

1.0592 

1.0599 

1.0607 

1.0615 

1.0623 

l.CklSO 

1 . {tG3S 


1.GG54 

9 

1.0662 

1.0670 

1.0677 

l.OGSo 

1.0693 

1.0701 

1.07U9 

1.0717 

1.0725 

1.0733 

10 

1.0741 

1.0749 

1.0757 

1.0765 

1.0773 

1.07Si 

1.0789 

1.0797 

1.0805 

1.0813 

11 

1.0821 

1.0829 

1.0S37 

1.0S45 

1 . 0S53 

l.OSOl 

1.0870 

1.0S7S 

1.0.8S6 

1.0894 

12 

1.0902 

1.0910 

1.0919 

1.0927 

1.0935 

1.0943 

1.0952 

1.0960 

1.0968 

1.0077 

13 

1.0985 

1.0993 

1.1002 

1.1010 

I.IOIS 

1.1027 

l.m 

1.1043 

1,1052 

1.1060 

14 

1.1069 

1.1077 

1.10S6 

1.1094 

1.1103 

l.lill 

1.1120 

1.1128 

1.1137 

1.1145 

15 

1.1154 

1.1162 

1.1171 

l.llSO 

l.llSS 

1.1197 

1.1200 

1.1214 

1.1223 

1.1232 

16 

1.1240 

1.1249 

1.1258 

1.1207 

1.1275 

1.1284 

1.1293 

1.1302 

1.1310 

1.1319 

17 

1.132S 

1.1337 

1.1346 

1.1355 

1.1364 

1.1373 

1.1381 

l.!S‘K) 

1.1399 

1.140.3 

18 

1.1417 

1.1426 

1.1435 

1.1444 

1.1453 

1.1462 

1.1472 

1.14S1 

1.1490 

1,1499 

19 

1.150S 

1.1517 

1.1526 

1.1535 

1.1545 

1.1554 

1.15«33 

1 . 1572 

2 . 1581 

1 1591 

20 

1.1600 

1.1609 

1.1619 

1.162S 

1.1637 

1.1047 

1 , 16.50 

1.1605 

1.1675 

1.16S4 

21 

1.1694 

1.1703 

1.1712 

1.1722 

1.1731 

1.1741 

1.1750 

1.1760 

1.1769 

1.1779 

22 

1.17S9 

1.179S 

1.1S08 

1.1S17 

1.1S27 

1.1S37 

1.18-16 

1.1S56 

1.1S66 

l.iS76 

23 

1.18S5 

1.1895 

1.1905 

1.1915 

1.1924 

1.1934 

1.1944 

1.1954 

1.1964 

1.1974 

24 

1.19S3 

1.1993 

1.2003 

1.2013 

1.2023 

1.2033 

1.2043 

1.2053 

1,2063 

1.2073 

25 

1.2083 

1.2093 

1.2104 

1.2114 

1.2124 

1.2134 

1.2144 

1.2154 

1,2164 

1.2175 

26 

1.2185 

1.2195 

1.2205 

1.2216 

1 2226 

1.2236 

1.2247 

1.2257 

1.2267 

1.2278 

27 

1.2288 

1.2299 

1.2309 

1.2319 

1.2330 

1.2340 

1.2351 

1.2361 

1.2372 

1.23S3 

28 

1.2393 

1.2404 

1.2414 

1.2425 

1.2436 

1.2446 

1.2457 

1.2468 

1.2478 

1.24S9 

29 

1.2500 

1.2511 

1.2522 

1.2532 

1.2543 

1.2554 

1.25G5 

1.2576 

1.25S7 

1.259S 

30 

1.2609 

1.2620 

1.2631 

1.2642 

1.2653 

1.2664 

I . 2675 

I.26S6 

1.2697 

1.2708 

31 

1.2719 

1.2730 

1.2742 

1.2753 

1.2764 

1.2775 

1.27S7 

1.2798 

1.2S09 

1.2821 

32 

1.2832 

1.2843 

1.2855 

1.2S66 

1.2S77 

1.2SS9 

1.2900 

1.2912 

1.2923 

1.2935 

33 

1.2946 

1.2958 

1.2970 

1.2981 

1.2903 

1.3004 

1.3016 

1.302S 

1.3040 

1.3051 

34 

1.3063 

1.3075 

1.3087 

1.3098 

1.3110 

1.3122 

1.3134 

1.3146 

1.3158 

1.3170 

35 

1.3182 

1.3194 

1.3206 

1.S2I8 

1.3230 

1.3242 

1.3254 

1.3266 

2. 3278 

1.3291 

36 

1.3303 

1.3315 

1.3327 

1.3339 

1.3352 

1.33G4 

1.3376 

1.33S9 

1.3401 

1.3414 

37 

1.3426 

1,3438 

1.3451 

1.3463 

1.3476 

1.34SS 

1.3501 

1.3514 

1.3526 

1.3539 

38 

1.3551 

1.3564 

1.3577 

1.3590 

1.3502 

1.3615 

1.362S 

1.3641 

1.3653 

1.3666 

39 

1.3679 

1.3692 

1.3705 

1.3718 

1.3731 

1.3744 

1.3757 

1.3770 

1.37S3 

1.3796 

40 

1.3810 

1.3823 

1.3836 

1.3S49 

1.3862 

1.3S76 

1.3SS9 

1.3902 

1.3916 

1.3929 

41 

1.3942 

1.3956 

1.3969 

1.39S3 

1.3996 

1.4010 

1.4023 

1.4037 

1.4050 

1.4064 

42 

1.4078 

1.4091 

1.4105 

1.4119 

1.4133 

1.4146 

1.41G0 

1.4174 

1.41SS 

1.4202 

43 

1.4216 

1.4230 

1.4244 

1.4258 

1.4272 

1.42S6 

1.4300 

1.4314 

1.432S 

1.4342 

44 

1.4356 

1.4371 

1.4385 

1.4399 

1.4414 

1.442S 

1.4442 

1.4457 

1.4471 

i.44S6 

45 

1.4500 

1.4515 

1.4529 

1.4544 

1.4558 

1.4573 

1.45SS 

1.4602 

1.4617 

1.4632 

46 

1.4646 

1.4661 

1.4676 

1.4691 

1.4706 

1.4721 

1.4736 

1.4751 

1.4766 

1.4781 

47 

1.4796 

1.4811 

1.4826 

1.4S41 

1.4S57 

1.4S72 

1.4SS7 

1.4992 

1.4918 

1.4933 

48 

1.4948 

1.4964 

1.4979 

1.4995 

1.5010 

1.5026 

1.5041 

1.5057 

1 1.5073 

1.5088 

49 

1.5104 

i.5120 

1.5136 

1.5152 

1.5167 

1.51S3 

1.5199 

1.5215 

1.5231 

1.5247 

50 

1.5263 

1.5279 

1.5295 

1.5312 

1.5328 

i 1.5344 

1.5309 

1.5376 

1.5393 1 

1.5409 

51 

1.5426 

1.5442 

1.5458 

1.5475 

1.5491 

1,5503 

1.5525 

1.5541 

1.555S ! 

1.5575 

52 

1.5591 

1.5608 

1.5625 

1.5642 

1.5659 

1.5676 

1.5693 

1.5710 

1.5727 ! 

1.5744 

53 

1.5761 

1.5778 

1.5795 

1.5812 

1.5S30 

1.5S47 

1.5Su4 

1.5SS2 

1.5S99 

1.5917 

54 

1.5934 

1.5952 

1.5969 

1.5937 

1.6004 

1.6022 

1.6040 

1.6058 

1.6075 

1.6093 

55 

1.6111 

1.6129 

1.6147 

1.6165 

1.6183 

1.6201 

1,6219 

1.6237 

1.6256 

1.6274 

56 

1.6292 

1.6310 

1.6329 

1.6347 

1.6366 

1.63S4 

1.6403 

1.6421 

1.6440 

1.6459 

57 

1.6477 

1.6496 

1.6515 

1.6534 

1.6553 

1.6571 

1.6590 

1.6609 

1.6628 

1.6648 

58 

1.6667 

1.6686 

1.6705 

1.6724 

1.6744 

1.6763 

1.6782 

1.6S02 

1.6S21 

1.6841 

59 

1.6860 

1,6880 

1.6900 

1.6919 

1.6939 

1.6959 

1.6979 

1.6999 

1.7019 

1.7039 

60 

1.7059 

1.7079 

1.7099 

1.7119 

1.7139 

1.7160 

1.71S0 

1.7200 

1.7221 

1.7241 

61 

1.7262 

1,7282 

1.7303 

1.7324 1 

1.7344 

1.7365 

1.7386 

1.7407 

1.7428 

1.7449 

62 

1.7470 

1.7491 

1.7512 

1.7533 

1.7554 

1.7576 

1.7597 

1.7618 

1.7640 

1.7661 

63 

1.7683 

1.7705 

1.7726 

1.7748 

1.7770 

1.7791 

1.7813 

1.7835 

1.7857 

1.7879 

64 

1.7901 

1.7923 

1.7946 

1.7968 

1.7990 

1.8012 

1.8035 

1.8057 

l.SOSO 

i.sim 

65 

1.8125 

1.8148 

1.8170 

1.8193 

1.8216 

1.8239 

1.8262 

1.8285 

1.8308 

1.8331 

66 

1.8354 

1.8378 

1.8401 

1.8424 

1.8448 

1.8471 

1.8495 

1.8519 

1.8542 

1.8566 

67 

1.8590 

1.8614 

1.8638 

1.8662 

1.8686 

1.8710 

1.8734 

1.8758 

1.8782 

1.8S07 

68 

1.8831 

1.8856 

1.8880 

1.8905 

1.8930 

1.8954 

1.8979 

1.9004 

1.9029 

1.9054 

69 

70 

1.9079 

1.9333 

1.9104 

1.9129 

1.9155 

1.9180 

1.9205 

1.9231 

1.9256 

1.9282 

1,9308 
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DENSITY TABLES 


TABLE 8. — DEGREES BATJMfi CORRESPONDING TO SPECIFIC 
GMVITIES AT gl 


[Calculated from the formula degrees Baum4 = 


141.5 


D 6^^760“ F 
used in the oil industry of the United States] 


— 131.5, which defines the Baum4 scale 


^15.056^ 

0 

4 

2 

3 

4 

5 

6 

7 

8 

9 

Diff. 

0.60 

104.33 

103.94 

103.55 

103.16 

102.77 

102.38 

102.00 

101.61 

101.23 

100.85 

0.38 

.61 

100.47 

100.09 

99.71 

99.33 

98.96 

98.58 

98.21 

97.84 

97.46 

97.09 

.37 

.62 

96.73 

96.36 

95.99 

95.63 

95.26 

94.90 

94.54 

94.18 

93.82 

93.46 

.36 

.63 

93.10 

92.75 

92.39 

92.04 

91.69 

91.33 

90.98 

90.63 

90.29 

89.94 

.35 

.64 

89.59 

89.25 

88.90 

88.56 

88.22 

87.88 

87.54 

87.20 

86.86 

86.53 

.34 

.65 

86.19 

85.86 

85.52 

85.19 

84.86 

84.53 

84.20 

83.87 

83.55 

83.22 

.33 

.66 

82.29 

82.57 

82.25 

81.92 

81.60 

81.28 

80.96 

80.64 

80.33 

80.01 

.32 

.67 

79.69 1 

79.38 

79.07 

78.75 

78.44 

78.13 

77.82 

77.51 

77.20 

76.89 

.31 

.68 

76.59 

76.28 

75.98 

75.67 

75.37 

75.07 

74.77 

74.47 

74.17 

73.87 

.30 

.69 

73.57 

73.28 

72.98 , 

72.68 

72.39 

72.10 

71.80 

71.51 

71.22 

70.93 

.29 

.70 

70.64 

70.35 

70.07 

69.78 

69,49 

69.21 

68.92 

68.64 

68.36 

68.08 

.28 

-71 

67.80 

67.52 

67.24 

66.96 

66.68 

66.40 

66.13 

65.85 

65.58 

65.30 

.27 

.72 

65.03 

64.76 

64.48 

64.21 

63.94 

63.67 

63.40 

63.14 

62.87 

62.60 

.27 

.73 

62.34 

62.07 

61.81 

61.54 

61.28 

61.02 

60.76 

60.49 

60.23 

59.97 

.26 

.74 

59.72 

59.46 

59.20 

58.94 

58.69 1 

58.43 

58.18 1 

57.92 

57.67 

57.42 

.25 

.75 

57.17 

56.92 

56.66 

56.41 

56.17 

55.92 

55.67 

55.42 

55. IS 

54.93 

.24 

.76 

54.68 

54.44 

54.20 

53.95 

53.71 

53.47 

53.23 

52.98 

62.74 

52.61 

.24 

.77 

52.27 

52.03 

51.79 

51.55 

51.32 

51.08 

50.85 

50.61 

50.38 

50.14 

.23 

.78 

49.91 

49.68 

49.45 

49.22 

48.98 

48.75 

48.53 

48.30 

48.07 

47,84 

.23 

.79 ! 

47.61 

47.39 

47.16 

46.94 

46.71 

46.49 

46.26 

46.04 

45.82 

45.60 

22 

,80 

45.38 

45.15 

44.93 

44.71 

44.49 

44.28 

44.06 

43.84 

43.62 

43.41 

.22 

.81 

43.19 

42.98 

! 42.76 

42.55 

42.33 

1 42.12 

41.91 

41.69 

41.48 

1 41.27 

.21 

.82 

41.06 

40.85 

40.64 

40.43 

40.22 

40.02 

39.81 

39.60 

39.39 

39,19 

.21 

.83 

38.98 

38.78 

38.57 

38.37 

38.16 

37.96 

37.76 

37.56 

37.35 

37.15 

20 

.84 

36.95 

36.75 

36.55 

36.35 

36.15 

35.96 

35.76 

35.56 

35.36 

35.17 

.20 

.85 

34.97 

34.77 

34.58 

34.39 

34.19 

34.00 

33.80 

33.61 

33.42 

33.23 

.19 

.86 

33.03 

32.84 

32.65 

32.46 

32.27 

32.08 

31.89 

31.71 

31.52 

31.33 

.19 

.87 

31.14 

30.96 

30.77 

30.58 

30.40 

30.21 

30.03 

29.85 

29.66 

29.48 

,18 

.88 

29.30 

29.11 

28.93 

28.75 

28.57 

28.39 

28.21 

28.03 

27.85 

27.67 

18 

.89 

27.49 

27.31 

27.13 

26.95 

26.78 

26.60 

26.42 

26.25 

26.07 

. 25 90 

.18 

90 

25.72 

25.55 

25.37 

25.20 

25.03 

24.85 

24.68 

24.51 

24.34 

24.17 

.17 

,91 

23.99 

23.82 

23.65 

23.48 

23.31 

23.14 

22.98 

22.81 

22.64 

22.47 

.17 

.92 

22.30 

22.14 

21.97 

21.80 

21.64 

21.47 

21.31 

21.14 

20.98 

20.81 

.16 

.93 

20.65 

20.49 

20.32 

20.16 

20.00 

19.84 

19.68 

19.51 

19.35 

19.19 

.16 

.94 

19.03 

18.87 

18.71 

18.55 

18.39 

18.24 

18.08 

17.92 

17.76 

17.60 

.16 

.95 

17.45 

17.29 

17.13 

16.98 

16.82 

16.67 

16.51 

16.36 

16.20 

16.05 

.15 

.96 

15.90 

15.74 

15.59 

15.44 

15.28 

15.13 

14.98 

14.83 

14.68 

14.53 

.15 

.97 

14.38 

14.23 

14.08 

13.93 

13.78 

13.63 

13.48 

13.33 

13.18 

13.04 

.15 

.98 

12.89 

12.74 

12.59 

12.45 

12.30 

12.15 

12.01 

11.86 

11.72 

11.57 

.14 

.99 

11.43 

11.29 

11.14 

11.00 

10.85 

10.71 

10.57 

10.43 

10.28 

10.14 

.14 

1.00 

10.00 












* Circular No. 154, U. S. Bureau of Standards (1924). In 1904, when the Bureau of Standards at Wash- 
ington, D. C., first took up the testing of hydrometers, careful inquiry showed that the so-called BaumS 
scale for liquids lighter than water was based on the formula 


Degrees Baum^ = 


140 


sp. gr. 60760° F 


-130 


In December, 1921, The American Petroleum Institute, the U. S. Bureau of Mines, and the U. S. Bureau 
o tan^ds adopted 141.5 and 131.5 in place of 140 and 130, to be used in the petroleum industry. The 
scale IS known as the A. P. I. scale to distinguish it from the Baum6 scale using 140. 



SPECIFIC GRAVITIES FOR LIQUIDS LIGHTER THAX WATER 765 


TABLE 9. - SPECIFIC GRAVITIES AT ~] (§§gC) CORRESPOND- 
ING TO DEGREES BAUME, A. P. 1. SCALE 

i cn 9 4 4 -f 

Calculated from the formula, specific gravity ^ F = -'j-' ^ 


Tenths of Degrees Baume 


Degrees 


Baumfi 

0 

1 

2 

3 

4 

0 

6 

7 

8 

9 

10 

1.0000 

0.9993 

0.9986 

0.9979 

0.9972 

0.9965 

0.995S 

0.9951 

0.9944 

0.9937 

11 

0.9930 

.9923 

.9916 

.9909 

.9902 

.9895 

.98SS 

.9881 

.9874 

.9853 

12 

.9861 

.9854 

.9847 

.9840 

.9833 

.9826 

.9820 

.9813 

.9806 

.9790 

13 

.9792 

.9786 

.9779 

.9772 

.9765 

.9759 

.9752 

.9745 

.973$ 

.9732 

14 

.9725 

.9718 

.9712 

.9705 

.9698 

.9692 

.9685 

.9679 

.9672 

.9665 

15 

.9659 

.9650 

.9646 

.9639 

.9632 

.9626 

.9619 

.9613 

.9606 

.9^ 

16 

.9593 

.9587 

.9580 

.9574 

.9567 

.9561 

.9554 

.9548 

.9541 

.9535 

17 

.9529 

.9522 

.9516 

.9509 

.9503 

.9497 

.9490 

.9484 

.9478 

.9471 

18 

.9465 

.9459 

.9452 

.9446 

-9440 

.9433 

.9437 

.9421 

.9415 

.9408 

19 

.9402 

.9396 

.9390 

.9383 

.9377 

.9371 

.9365 

.9358 

.9352 

.9346 

20 

.9340 

.9334 

.9328 

.9321 

-9315 

.9309 

.9303 

.9297 

.9291 

.9285 

21 

.9279 

.9273 

.9267 

.9260 

.9254 

.9248 

.9243 

.9236 

.9230 

.9224 

22 

.9218 

.9212 

.9206 

.9200 

.9194 

.9188 

.9182 

.9176 

.9170 

.9165 

23 

.9159 

.9133 

.9147 

.9141 

.9135 

.9129 

.9123 

.9117 

.9111 

.9106 

24 

.9100 

.9094 

.9088 

.9082 

.9076 

.9071 

.9065 

.9059 

.9053 

.9047 

25 

.9042 

.9036 

.9030 

.9024 

.9018 

.9013 

.9007 

.9001 

.8996 

.S990 

26 

.8984 

.8978 

.8973 

.8967 

.8961 

.8956 

.8950 

.8944 

.8939 

.8933 

27 

.8927 

.8922 

.8916 

.8911 

.8905 

.8899 

.8894 

.8868 

.8883 

.8877 

28 

.8871 

.8866 

.8860 

.8855 

.8849 

.8844 

.8838 

.8833 

.8827 

.SS22 

29 

.8816 

.8811 

.8805 

,8800 

.8794 

.8789 

.8783 

.8778 

.8772 

.8767 

30 

.8762 

.8756 

.8751 

.8745 

.8740 

.8735 

.8729 

.8724 

.8718 

.8713 

31 

.8708 

.8702 

.8697 

.8692 

.8686 

.8581 

.8676 

.8670 

.8665 

.8660 

32 

.8654 

.8649 

.8644 

.8639 

.8633 

.8628 

.8623 

.8618 

.8612 

.8607 

33 

.8602 

.8597 

.8591 

,8586 

.8581 

.8576 

.8571 

.8565 

1 .8560 

.8555 

34 

.8550 

.8545 

.8540 

.8534 

.8529 

.8524 

.8519 

.8514 

.8509 

.8504 

35 

.8498 

.8493 

.8488 

.8483 

.8478 

.8473 

.8468 

.8463 

.8458 

.8453 

36 

.8448 

.8443 

.8438 

.8433 

.8428 

.8423 

.8418 

.8413 

.8408 

.8403 

37 

.8398 

.8393 

.8388 

.8383 

.8378 

.8373 

.8368 

.8363 

.8358 

8353 

38 

.8348 

.8343 

.8338 

.8333 

.8328 

.8324 

.8319 

.8314 

.8309 

; .8304 

39 

.8229 

.8294 

.8289 

.8285 

.8280 

.8275 

.8270 

.8265 

.8260 

j .8256 

40 

.8251 

.8246 

.8241 

.8236 

.8232 

.8227 

.8222 

.8217 

.8212 

.8208 

41 

.8203 

.8198 

.8193 

.8189 

.8184 

.8179 

.8174 

.8170 

.8165 

.8160 

42 

.8155 

.8151 

.8146 

.8142 

.8137 

.8132 

.8128 

.8123 

.8118 

.8114 

43 

.8109 

.8104 

.8100 

.8095 

.8090 

,8086 

.8081 

.8076 

.8072 1 

.8067 

44 

.8063 

.8058 

.8054 

.8049 

.8044 

.8040 

.8035 

.8031 

.8026 

.8022 

45 

.8017 

.8012 

.8008 

.8003 

.7999 

.7994 

.7990 

.7985 

.7981 

.7976 

46 

.7972 

.7967 

.7963 

.7958 

.7954 

.7949 

.7945 

.7941 

.7936 

.7932 

47 

.7927 

.7923 

.7918 

.7914 

.7909 

.7905 

.7901 

.7896 

.7892 

.7887 

48 

.7883 

.7879 

.7874 

.7870 

.7865 

.7861 

.7857 

.7852 

.7848 

.7844 

49 

.7839 

.7835 

.7831 

.7826 

.7822 

.7818 

.7813 

.7809 

.7805 

.7800 

50 

.7796 

.7792 

.7788 

.7783 

.7779 

.7775 

.7770 

.7766 

.7762 

.7758 

51 

.7753 

.7749 

.7745 

.7741 

.7736 

.7732 

.7728 

.7724 

.7720 

.7715 

52 

.7711 

.7707 

.7703 

.7699 

.7694 

.7690 

.7686 

.7682 

.7678 

.7674 

53 

.7669 

.7665 

.7661 

.7657 

.7653 

.7649 

.7645 

.7640 

.7636 

.7632 

54 

.7628 

.7624 

.7620 

.7616 

.7612 

.7608 

.7603 

.7599 

.7595 

.7o91 

55 

.7587 

.7583 

.7579 

.7575 

.7571 

.7567 

.7563 

.7559 

.7555 

.7551 
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DENSITY TABLES 


TABLE 10. - SPECIFIC GMVITIES AT C ) CORRESPOND- 

ING TO DEGREES BATME, A. P. 1. SCALE - Continued 


Tenths of Degrees Baum4 


Degrees 


Baume 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

55 

0.75S7 

0.7583 

0.7579 

0.7575 

0.7571 

0.7567 

0.7533 

0.7559 

0.7555 

0.7551 

56 

.7547 

.7543 

.7539 

.7535 

.7531 

.7527 

.7523 

.7519 

.7515 

.7511 

57 

.7507 

.7503 

.7499 

.7495 

.7491 

.7487 

.7483 

.7479 

.7475 

.7471 

58 

.7467 

.7463 

.7459 

.7455 

.7451 

.7447 

.7443 

.7440 

.7436 

.7432 

59 

.7428 

.7424 

.7420 

.7416 

.7412 

.7408 

.7405 

.7401 

.7397 

.7393 

60 

.7389 

.7385 

.7381 

.7377 

.7374 

.7370 

.7366 

.7362 

.7358 

.7354 

61 

.7351 

.7347 

.7343 

.7339 

.7335 

.7332 

.7328 

.7324 

.7320 

.7316 

62 

.7313 

.7309 

.7305 

.7301 

.7298 

.7294 

.7290 

.7286 

.7283 

.7279 

63 

.7275 

,7271 

.7208 

.7264 

.7260 

.7256 

.7253 

.7249 

.7245 

.7242 

64 

.7238 

.7234 

.7230 

.7227 

.7223 

.7219 

.7216 

.7212 

.7208 

.7205 

65 

.7201 

.7197 

.7194 

.7190 

.7186 

.7183 

.7179 

.7175 

.7172 

.7168 

66 

.7165 

.7161 

.7157 

.7158 

.7150 

.7146 

.7143 

.7139 

.7136 

.7132 

67 

.7128 

.7125 

.7121 

.7117 

.7114 

.7111 

.7107 

.7103 

.7100 

.7096 

68 

.7093 

.7089 

.7086 

.7082 

.7079 

.7075 

.7071 

.7068 

.7064 

.7061 

69 

.7057 

.7054 

.7050 

.7047 

.7043 

.7040 

.7036 

.7033 

.7029 

.7026 

70 

.7022 

.7019 

.7015 

.7012 

.7008 

.7005 

.7000 

.6998 

.6995 

.6991 

71 

.6988 

.6984 

.6981 

.6977 

.6974 

.6970 

.6967 

.6964 

.6960 

.6957 

72 

.6953 

.6950 

.6946 

.6943 

.6940 

.6936 

.6933 

.6929 

.6923 

.6923 

73 

.6919 

.6916 

.6913 

.6909 

.6906 

.6902 

.6899 

.6896 

.6892 

.6889 

74 

.6886 

.6882 

.6879 

.6876 

.6872 

.6869 

.6866 

.6862 

.6859 

.6856 

75 

.6852 

.6849 

.6846 

.6842 

.6839 

.6836 

.6832 

.6829 

.6825 

.6823 

76 

,6819 

.6816 

.6813 

.6809 

.6806 

.6803 

.6800 

.6798 

.6793 

.6790 

77 

.6787 

.6783 

.6780 

.6777 

.6774 

.6770 

.6767 

.6764 

.6761 

.6757 

78 

.6754 

.6751 

.6748 

.6745 

.6741 

.6738 

.6735 

.6732 

.6728 

.6725 

79 

,6722 

,6719 

.6716 

.6713 

.6709 

.6706 

,6703 

.6700 

.6697 

.6693 

80 

,6690 

.6687 

.6684 

.6681 

.6678 

.6675 

.6671 

.6608 

.6665 ! 

.6662 

81 

.6659 

.6636 

.6653 

.6649 

.6646 

.6643 

.6640 

.6637 

I .6634 

.6631 

82 

.6628 

.6625 

.6621 

.6618 

.6615 

.6612 

.6609 

.6606 

! .6603 

.6600 

83 

.6597 

.6594. 

.6591 

.6588 

,6584 

.6581 

.6578 

.6575 

1 .6572 

.6569 

84 

.6566 

.6563 

.6560 

.6557 

.6554 

.6551 

.6548 

.6545 

.6542 

.6539 

85 

.6536 

I .6533 

.6530 

.6527 

.6524 

.6521 

.6518 

.6515 

! .6512 

.6509 

86 

.6506 

.6503 

.6500 

.6497 

.6494 

.6491 

.6488 

.6485 

.6482 

.6479 

87 

.6476 

.6473 

.6470 

.6467 

,6464 

,6461 

.6458 

.6455 

.6452 

.6449 

88 

,6446 

1 .6444 

.6441 

.6438 

.6435 

.6432 

.6429 

.6426 

.6423 

.6420 

89 

.6417 

.6414 

.6411 

.6409 

.6406 

.6403 

.6400 

.6397 

.6394 

.6391 

90 

.6388 

! .6385 

.6382 

.6380 

.6377 

.6374 

.6371 

.6368 

.6365 

.6362 

91 

.6360 

.6357 

.6354 

.6351 

.6348 

.6345 

.6342 

.6340 

.6337 

.6334 

92 

.6331 

.6328 

.6325 

.6323 

.6320 

.6317 

,6314 

.6311 

.6309 1 

.6306 

93 

.6303 

.6300 

.6297 

.6294 

.6292 

.6289 

.6286 

,6283 

.6281 

.6278 

94 

.6275 

.6272 

.6270 

.6267 

.6264 

.6261 

.0253 

.6256 

.6253 

.6250 

95 

.6247 

.6244 

.6241 

.6239 

.6233 

.6233 

.6231 

.6228 

.6225 

.6223 

96 

.6220 

.6217 

.6214 

.6212 

,6209 

.6206 

.6203 

.6201 

.6198 

.6195 

97 

.6193 

.6190 

.6187 

.6184 

.6182 

.6179 

.6176 

.6174 

.6171 

.6168 

98 

.6166 

.6163 

.6160 

.6158 

.6155 

.6152 

.6150 

.6147 

.6144 

.6141 

94 

.6139 

.6136 

.6134 

.6131 

.6133 

.6126 

.6123 

.6120 

.6118 

.6112 

100 

.6112 
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TABLE 11. — CONAHERSION OF DENSITY BASIS 

Prepared for use ia reducing readings of a hydrometer graduated to indicate density or gpoeiSc gra%’ity 
at a specified standard temperature, T, referred to water at a specified temperature, as unity, to the 
basis of another standard temperature, t, and reference temperature, t'. 

The factor A (given in units of the sixth decimal place), multiplied by the density or sp 
reading, gives the correction to be applied to the reading to reduce it to the required basis. 

90 ® 

Suppose a hydrometer indicates specific gra\’ity at and it is required to know the correction in 

order that it shall indicate specific gravity at C, then, 

lo.oo 


That is, if the hydrometer indicates correctly a specific gravity of 1.5760 at™ , then at reading 

of the instrument will be too low by 1.5760 X 0.001062 = 0.0017. A correction of 0.(Xil7 must therefore 
be added to the indication of the hydromeier. 

Or, if a maker using standards indicating D C wishes to graduate a hydrometer to indicate density 

lo.oo 

at 20° C referred to water at 4“ C ^ D j ^ the readings of the standard must be corrected by use of the 


factor + 0.001062. 

Suppose the standard reads 1.5760 

The corresponding correction is 1.6 X .001062 = -f 0.0017 

Corrected reading 1.5777 

The table is calculated for Jena 16^“^ glass. 


Given Basis 


Eequired Basis of Density 
t 

F 


of Density 

O 

1^1% 

Q 

t.20 

^17.5 

_15.56 


_15 

^15 

15.56 

^15.56 

1 

^17.5 

^iTl 

20 

^20 

^25 

T 

T" 

A (In Units of the Sixth Decimal Place) 

26° 

DjsC 

0 

+ 115 

+ 172 

-}- 217 

+ 230 

+1104 

+1177 

+1459 

+ISS4 

+2931 

20 

- 115 

0 

+ 58 

+ 102 

+ 115 

+ 989 

+1062 

+1345 

+1769 

+2816 

D— 

- 172 

1-68 

0 

+ 45 

T 58 

+ 932 

+1005 

+1287 

+1711 

+2758 

15.56 

- 217 

- 102 

^ - 45 

0 

+ 13 

i 

+ 887 

+ 960 

+1242 

t 

+1667 

+2713 

^15 

- 230 

- 115 

i 

- 58 

- 13 

1 

0 

+ 874 

+ 947 

+1229 

+1654 

+2700 

^15 ! 

-1103 

- 988 

- 931 

- 886 

- 873 

0 

+ 73 

+ 354 

+ 779 

+1826 

15.56 

^15.56 

-1176 

-1061 

-1004 

- 960 

- 947 

- 73 

0 

+ 281 

+ 706 

+1752 

17.5 

^1775 

-1457 

-1343 

-1285 

-1240 

-1227 

- 354 

- 281 

0 

+ 424 

+1471 

^20 

-1881 

-1766 

-1708 

-1664 

-1651 

- 778 

- 705 

- 423 

0 

+1046 

^25 

^26 

-2923 

-2808 

-2751 

-2707 

-2694 

-1821 

-1748 

-1468 

-1044 

0 
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TABLE 12. - DENSITY OF SOLUTIONS OF SULFURIC ACID (HjSOi) 

AT 20° C 

Calculated from Dr. J. Domke’s table.- Adopted as the basis for standardization of hydrometers 
indicating per cent of sulfuric acid at 20 ® C.] 


Per Cent H 2 SO 4 

20 

Dfc 

Per Cent H2SO4 

Bfc 

Per Cent H2SO4 


0 ' 

0.99S23 

50 

1,39505 

91.0 

1.81950 

1 i 

1.00506 

51 

1.40487 

91.2 

1.82045 

2 

1.01I7S 

52 

1.41481 

91.4 

1.82137 

3 

1.01S39 

53 

1.42487 

91.6 

1.S2227 

4 

1.02500 

54 

1.43503 

91,8 

1,82315 

5 

1.03168 

55 

1.44530 

92.0 

1.82401 

6 

1.03843 

56 

1.4556S 

92.2 

1.S2484 

7 

1.04527 

57 

1.46615 

92.4 

I. 82564 

8 

1.05216 

58 

1.47673 

92.6 

1.82641 

9 

1.05909 

59 

1.48740 

92.8 

1.82717 

10 

1.06609 

60 

1.49818 

93.0 

1.82790 

11 

1.07314 

61 

1.50904 

93.2 

1.S2860 

12 

1.08026 

62 

1.51999 

93.4 

1.82928 

13 

1.08744 

63 

1.53102 

93-6 

1.82993 

14 

1.09468 

64 

1.54213 

93.8 

1.83055 

IS 

1.10199 

65 

1.55333 

94.0 

1.83115 

16 

1.10936 

66 

1.56460 

94.2 

1.83172 

17 

1.11679 

67 

1.57595 

94.4 

I. 83226 

18 

1.12428 

68 

1.58739 

94.6 

1.83276 

19 

1.13183 

69 

1.59890 

94.8 

1.83324 

20 

1.13943 

70 

1.61048 

95.0 ' 

1.83368 

21 

1.14709 

71 

1.62213 

95.1 1 

1.83389 

22 

1.15480 

72 

1.63384 

95.2 

1.83410 

23 

1.16258 

73 

1.64560 

95.3 ! 

1.83430 

24 

1.17041 

74 

1.65738 

95.4 1 

1.83449 

25 

1.17830 

75 

1.66917 

95.5 

1.83469 

26 

1.18624 

76 

1.68095 

95.6 

1.83486 

27 

1.19423 

77 

1.69268 

95.7 

1.83503 

28 

1.20227 

78 

1.70433 

95.8 

1.83520 

29 

1.21036 

79 

1.71585 

95.9 

1.83534 

30 

1.21850 

80 

1.72717 

96.0 

1.83548 

31 

1.22669 

SI 

1.73827 

96.1 

1.83560 

32 

1.23492 

82 

1.74904 

96.2 

1.83572 

33 

1.24320 

83 

1.75943 

96.3 

1.83584 

34 

1.25154 

84 

1.76932 

86.4 

1.83594 

35 

1.25992 

85 

1.77860 

96.5 

1.83604 

36 

1.26836 

85.5 

1.78300 

96.6 

r. 83613 

37 

1.27685 

86 

1,78721 

96.7 

1.83621 

38 

1.28543 

86.5 

1.79124 

96.8 

1.83628 

39 

1.29407 

87 

1.79509 

96.9 

1.83634 

40 

1.30278 

87.5 

1.79875 

97.0 

1.83637 

41 

1.31157 

88 

1.80223 

97.1 

1.83639 

42 

1.32043 

88.5 

1.80552 

97.2 

1.83640 

43 

1.32938 

89 

1.80864 

97.3 

1.83640 

44 

1.33843 

89.5 

1.81159 

97.4 

1.83639 

45 

1.34759 

90 

1.81438 

97.5 

1.83637 

46 

1.35686 

90.2 

1.81545 

97.6 

1.83634 

47 

1.36625 

90.4 

1.81650 

97.7 

1.83629 

48 1 

1.37574 

90.6 

1.81753 

97.8 

1.83623 

49 ' 

1.38533 

90.8 

1.81853 

97.9 

1.83615 

50 

1.39505 

91.0 

1.81960 

98.0 

1.83605 


1 Ahh, der Ttais&rlichen Normal-Eichungs-Kcmmission, 5, p. 131; 1900. 
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TABLE 13. - TEMPERATURE CORRECTIONS TO PER CENT OP 
SULFURIC ACID DETERMINED BY HYDROilETER 
(STANDARD AT 20° C) 

[Calculated from the same data as the preceding table, assuming Jena 16^^ glass as the material ised. 
The table should be used with caution, and only for approximate results when the temperature diiieta 
much from the standard temperature or from the temperature of the surrounding airj 


Temperature in Degrees Centigrade 


Observed 













Per Cent 

0 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

1 60 

H 2 SO 4 














Subtract from Observed Per Cent 

Add to Observed Per Cent 

0 





0.16 

0.35 

0.59 

0.86 

1.17 

1.5 

1.9 

2.1 

5 

0.59 

0.49 

0.36 

0.20 

0.24 

0.50 

0.79 

1.11 

1.45 

1.8 

2.2 

2.6 

10 

0.92 

0.72 

0,51 

0.27 

0.29 

0.60 

0.93 

1.28 

1.65 

2.0 

2.4 

2.S 

20 

1.39 

1.06 

0.72 

0.36 

0.37 

0.75 

1.14 

1.53 

1.93 

2.3 

2.7 

3.1 

30 

1.64 

1.23 

0.82 

0.41 

0.41 

0.82 

1.24 

1.65 

2.07 

2.5 

2.9 

3.3 

40 

1.65 

1.24 

0.82 

0.41 

0.41 

0.82 

1.22 

1.62 

2.03 

2.4 

2.8 

3.2 

50 

1.56 

1.17 

0.78 

0.39 

0.38 

0.77 

1.15 

1.52 

1.90 

2.3 

2.6 

3.0 

60 

1.52 

1.14 

0.76 

0.38 

0.37 

0.74 

1.11 

1.48 

1.84 

2.2 

2.6 

2.9 

70 

1.54 

1.15 

0.76 

0.38 

0.38 

0.75 

1.13 

1.50 

1.86 

2.2 

2.6 

3.0 

80 

1.72 

1.30 

0.87 

0.44 

0.45 

0.90 

1.36 

1.83 

2.31 

2.8 

3.3 

3.8 

81 

1.76 

1.34 

0.92 

0.44 

0.47 

0.93 

1.42 

1.93 

2.44 

3.0 

3.5 

4.0 

82 : 

1.84 

1.41 

0.96 

0.47 

0.50 

1.00 

1.51 

2.04 

2.58 

3.1 

3.7 

4.3 

83 i 

1.94 

1.48 

1.00 

0.50 

0.53 

1.06 

1.59 

2.18 

2.78 

3.4 

4.0 

4.6 

84 

2.05 

1.57 

1.06 

0.53 

0.55 

1.12 

1.74 

2.36 

3.0 

3.7 

4.4 

5.1 

85 

2.20 

1.67 

1,13 

0.57 

0.61 

1.23 

1.88 

2.57 

3.3 

4.0 

4.9 

5.3 

86 

2.36 

1.80 

1.22 

0.62 

0.66 

1.35 

2.08 

2.84 

3.7 

4-6 

5.5 


87 

2.54 

1.95 

1.32 

0.67 

0.73 

1.50 

2.31 

3.2 

4.1 

5.2 



88 

2.75 

2.12 

1.44 

0.74 

0.81 

1.67 

: 2.59 

3.6 

4.7 

6.0 



89 

3.01 

2.31 

1.58 

0.82 

0.89 

1.86 

2.91 

4.1 

5.6 




90 

3.27 

2.53 

1.73 

0.91 

0.99 

2.10 

3.4 

4.9 





91 

3.57 

2.78 

1.93 

1.01 

1.13 

2.44 

4.1 






92 

3.91 

3.06 

2.13 

1.12 

1.32 

3.00 







93 

4.29 

3.38 

2.37 

1.26 

1.64 








94 

4.75 

3.77 

2.69 

1.46 









95 

5.29 

4.26 

3.12 

1.76 









96 

5.96 

4.88 

3.65 

2.19 






1 



97 

6.78 

1 

5.68 

4.42 

2.90 






1 





770 


DENSITY TABLES 


TABLE 14. — DENSITY OF STRONG ACIDS AT 15° IN VACUO 
(According to Ltjnge, Isler, Naep, and Marchlewsky)* 

In determining the weight in the air of a given volume of acid or base in this and 
the following tables, it must be remembered that the values here are made with 
allowance for the buoyancy of air (cf. pp. 13-15, 462-464). 


Specific 

Gravity 

at^ 

4 

(Vacuo) 

Per Cent by Weight 

Specific 

Gravity 

.15“ 

at-jo- 

(Vacuo) 

Per Cent by Weight 

HCl 

HNO, 

H 2 SO 4 

HNOs 

H 2 SO 4 

1.000 

0.16 

0.10 

0.09 

1.235 

37.51 

31.70 

1.005 

1.15 

1.00 

0.95 

1.240 

38.27 

32.28 

1.010 

2.14 

1.90 

1.57 

1.245 

39.03 

32.86 

1.015 

3.12 

2.80 

2.30 

1.250 

39.80 

33.43 

1.020 

4.13 

3.70 

3.03 1 

1.255 

40.56 

34.00 

1.025 

5.15 

4.60,. 

3.76 

1.260 

41.32 

34.57 

1.030 

6,15 

5.50 

4.49 

1.265 

42.08 

35.14 

1.035 

7.15 

6.38 

5.23 

1.270 

42.85 

35.71 

1.040 

8.16 

7.26 

5.96 

1.275 

43.62 

36.29 

1.045 

9.16 

8.13 

6.67 

1.280 

44.39 

36.87 

1.050 

10.17 

8.99 

7.37 

1.285 

45.16 

37.45 

1,055 

11.18 

9.84 

8.07 

1.290 

45.93 

38.03 

1.060 

12.19 

10.67 

8.77 

1.295 

46.70 

38.61 

1.065 

13.19 

11.50 

9.47 

1.300 

47.47 

39.19 

1.070 

14.17 

12.32 

10.19 

1.305 

48.24 

39.77 

1.075 

15.16 

13,14 

10.90 

1.310 

49.05 

40.35 

1.080 

16.15 

13.94 

11.60 

1.315 

49.88 

40.93 

1.085 

17.13 

14.73 

12.30 

1.320 

50.69 

41.50 

1.090 

. 18.11 

15.52 

12.99 

1.325 

51.51 

42.08 

1.095 

19.06 

16.31 

13.67 

1.330 

52.34 

42.66 

1.100 

20,01 

17.10 

14.35 

1.335 

53.17 

43.20 

1.105 

20.97 

17.88 

15.03 

1.340 

54.04 

43.74 

1.110 

21.92 

18.66 

15.71 

1.345 

! 54.90 

44.28 

1.115 

22,86 

19.44 

16.36 

1.350 

55,76 

44.82 

1.120 

23.82 

20.22 

17.01 

1.355 

56.63 

45.35 

1.125 

24.78 

20.99 

17.66 

1.360 

57.54 

45.88 

1.130 

25,75 

21.76 

18.31 

1.365 

58.45 

46.41 

1.135 

26.70 

22.53 

18.96 

1.370 

59.36 

46.94 

1.140 

27.66 

23.30 

19.61 

1.375 

60.27 

47.47 

1.145 

28.61 

24.07 

20.26 

1.380 

61.24 

48.00 

1.150 

29.57 

24.83 

20.91 

1.385 

62.21 

48.53 

1.155 

30.55 

25.59 

21.55 

1.390 

63.20 

49.06 

1.160 

31.52 

26.35 

22.19 

1.395 

64.22 

49.59 

1.165 

32.49 

27.11 

22.83 

1.400 

65.27 

50.11 

1.170 

33.46 

27,87 

23.47 

1.405 

66.37 

50.63 

1.175 

34.42 

28.62 

24.12 

1.410 

67.47 

51.15 

1.180 

35.39 

29.37 

24.76 

1.415 

68.60 

51.66 

1.185 

36.31 

30.12 

25.40 

1.420 

69.77 

, 52.15 

1.190 

37.23 

30.87 

26.04 i 

1.425 

70.95 

52.63 

1.195 

38. ir 

31.60 

26.68 

1.430 

72.14 

53.11 

1.200 

39.11 

32.34 

27.32 

1.435 

73.35 

53.59 

1.205 


33.07 

27.95 

1.440 

74.64 

54.07 

1.210 


33.80 

28.58 

1.445 

75.94 

54.55 

1.215 


34.53 

29.21 

1.450 

77,24 

55.03 

1.220 


35.26 

29.84 

1.455 

78.56 

55.50 

1.225 


36.01 

30.48 

1.460 

79.94 

55.97 

1.230 


36.76 

31.11 

1.465 

81.38 

56.43 


Lunge-BerL Clem, techn, Untersuclungamethoden. 
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T.iBLE 14. - DENSITY OF STRONG ACIDS AT 15“ IN VACUO - Continued 
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TABLE* 16. — DENSITY OF POTASSIUM AND SODIUM HYDROXIDE 
SOLUTIONS AT 15° C 


Specific 

Gravity 

Per Cent 
KOH 

Per Cent 
NaOH 

Specific 

Gravity 

Per Cent 
KOH 

Per Cent 
NaOH 

1.007 

0.9 

0.59 

1.252 

27.0 

22.50 

1.014 

1.7 

1.20 

1.263 

28.2 

23.50 

1.022 

2.6 

1.65 

1.274 

28.9 

24.48 

1.029 

3.5 

2.50 

1.285 

29.8 

25.50 

1.037 

4.5 

3.22 

1.297 


26.58 

1.045 

5.6 

3.79 

1.308 

31.8 

27.65 

1.052 

6.4 

4.50 

1.320 

32:7 

28.83 

1.060 

7.4 

5.20 

1.332 

33.7' 


1.067 

8.2 

5.86 

1.345 

34.9 

31.20 

1.075 

9.2 

6.58 

1.357 

35.9 . 


1.083 

10.1 

7.30 

1.370 

36.9 

33.73 

1.091 

10.9 

8.07 

1.383 

37.8 


1.100 

12.0 

8-78 

1.397 

38.9 

36.36 

1.108 

12.9 

9.50 

1.410 

39.9 

37.65 

1.116 

13.8 

10.30 

1.424 

40.9 

39.06 

1.126 

1 14.8 

11.06 

1.438 

42.1 

40.47 

1.134 

15.7 

11.90 

1.453 

43.4 


1.142 

16.5 

12.69 

1.468 

44.6 

43.58 

1.152 

17.6 

13.50 

1,483 

45.8 

46.16 

1.162 

18.6 

14.35- 

1.498 

47.1 

47.73 

1.171 

19.5 

15.15 

1.514 

48.3 

48.41 

1.180 

20.5 

16.00 

1.530 

49.4 


1.190 

21.4 

16.91 

1.546 

50.6 


1.200 

22.4 

17.81 

1.563 

51.9 


1.210 

23.3 

18.71 

1.580 

53.2 


1.220 

24.2 

19.65 

1.597 

54.5 


1.231 : 

25.1 

20.69 

1.615 

55.9 


1.241 

' 26.1 

21.55 

1.634. 

57.5 

..... 
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TABLE 16. — DENSITY OP AMMONIA SOLUTIONS AT 15“ C 


(According to Ltinge and Wbernik)* 


Specific Gravity 


Specific Gravity 

Per Cent NHg 

1.000 

0.00 

0.940 

15.63 

0.998 

0.45* 

0.938 

16.22 

0.996 

0.91 

0.936 

16.82 

0.994 

1.37 

0.934 

17.42 

0.992 

1.84 

0.932 

18.03 

0.990 

2.31 

0.930 

18.64 

0.988 

2.80 

0.928 

19.25 

0.986 

3.30 

0.926 

19.87 

0.984 

3.80 

0.924 

20.49 

0.982 

4.30 

0.922 

21.12 

0.980 

4.80 

0.920 

21.75 

0.978 

5.30 

0.918 

22.39 

0.976 

5.80 

0.916 

23.03 

0.974 

6.30 

0.914 

23.68 

0.972 

6.80 

0.912 

24.33 

0.970 

7.31 

0.910 

24.99 

0.968 

7.82 

' 0.908 

25.65 

0.966 

8.33 

0.906 

26.31 

0.964 

8.84 

0.904 

26.98 

0.962 

9.35 

0.902 

27.65 

0.960 

9.91 

0.900 1 

28.33 

0.958 

10.47 

0.898 

29.01 

0.956 

11.03 

0.896 

29.69 

0.954 

11.60 

0.894 

30.37 

0.952 

12.17 

0.892 

31.05 

0.950 

12.74 

0.890 j 

31.75 

0.948 

13.31 

0.888 i 

32.50 

■ 0.946 

13.88 

0.886 

33.25 

0.944 

14.46 

0.884 

34.10 

0.942 

15.04 1 

i 

0.882 

34.95 


* liUii£6-Berl. Chan, techn, Unienuchunffsinahoden, 
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TABLE 17. — TENSION OF WATER VAPOR ACCORDING TO REGNAULT 

Degrees Tension in Degrees Tension in Degrees Tension in 

C Millimeters C Mllimeters C Millimeters 
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TABLE 17. — TENSION OF WATER VAPOR ACCORDING TO REGNAULT 

— Continued 
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TABLE 17. — TENSION OF WATER VAPOR ACCORDING TO REGNAULT 

— Concluded 


Degrees 

Tension, in 
Millimeters 

Degree: 

C. 

+22.0 

19.659 

+26.5 

22.1 

19.780 

26.6 

22.2 

19.901 

26.7 

22.3 

20.022 

26.8 

22.4 

20.143 

26.9 

22.5 

20.265 

27.0 

22.6 

20.389 

27.1 

22.7 

20.514 

27.2 

22.8 

20.639 

27.3 

22.9 

20.763 

27.4 

23.0 

20.888 

27.5 

23.1 

21.016 

27.6 

23.2 

21.144 

27.7 

23.3 

21.272 

27.8 

23.4 

21.400 

27.9 

23.5 

21.528 

28.0 

23.6 

21.659 

28.1 

23.7 

21.790 

28.2 

23.8 

21.921 

28.3 

23.9 

22.053 

28.4 

24.0 

22.184 

28.5 

24.1 

1 22.319 

28.6 

24.2 

22.453 

28.7 

24.3 

22.588 

28.8 

24.4 

22.723 

28.9 

24.5 

22.858 

29.0 

24.6 

22.996 

29.1 

24.7 

23.135 

29.2 

24.8 

23.273 

29.3 

24.9 

23.411 

29.4 

25.0 

23.550 

29.5 

25.1 

23.692 

29.6 

25.2 

23.834 

29.7 

25.3 

23.976 

29.8 

25.4 

24.119 

29.9 

25.5 

24.261 

30.0 

25.6 

24.406 

30.1 

25.7 

24.552 

30.2 

25.8 

24.697 

30.3 

25.9 

24.842 

30.4 

26.0 

24.988 

30.5 

26.1 

25.138 

30.6 

26.2 

25.288 

30.7 

26.3 

25.438 

30.8 

26.4 

25.588 

30.9 


Tension in 
Millimeters 

De^ees. 

Tension in 
Millimeters 

25.738 

+31.0 

33.405 

25.891 

31.1 

33.596 

26.045 

31.2 

33.787 

26.198 

31.3 

33.980 

26.351 

31.4 

34.174 

26.505 

31.5 

34.368 

26.663 

31.6 

34.564 

26.820 

31.7 

34.761 

26.978 

31.8 

34.959 

27.136 

31.9 

35.159 

27.294 

32.0 

35.359 

27.455 

32.1 

35.559 

27.617 

32.2 

35.760 

27.778 

32.3 

35.962 

27.939 

32.4 

36.165 

28.101 

32.5 

36.370 

28.267 

32.6 

36.576 

28.433 

32.7 

36.783 

28.599 

32.8 

36.991 

28.765 

32.9 

37.200 

28.931 

33.0 

37.410 

29.101 

33.1 

37.621 

29.271 

33.2 

37.832 

29.441 

33.3 

38.045 

29.612 

33.4 

38.258 

29.782 

33.5 

38.473 

29.956 

33.6 

1 38.689 

30.131 

33.7 

38.906 

30.305 

33.8 ■ 

39.124 

30.479 

33.9 

39.344 

30.654 

34.0 

39.565 

30.833 

34.1 

39.786 

31.011 

34.2 

40.007 

31.190 

34.3 

40.230 

31.369 

34.4 

40.455 

31.548 

34.5 

40.680 

31.729 

34.6 

40.907 

31.911 

34.7 

41.135 

32.094 

34.8 

41.364 

32.278 

34.9 

41.595 

32.463 

35.0 

41.827 

32.650 



32.837 



33.026 



33.215 
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TABLE 18. - HEATS OF COMBUSTION OF 1 L OF GAS MEASURED 
AT 0° AND 760 MM BAROMETRIC PRESSURE 


Heferred to 


Gas 

Weight of 1 L 
in Grams 

Gaseous Water 
Calories 

Liquid Water 
Caiones 

Carbon monoxide. 

1.25016 

2,560 

3,aS4 

Hydrogen 

0.09004 

2,595 

3,077 

Methane 

0.71488 

8,505 

9+69 

Ethylene 

1.25899 

14,018 

1+989 

Propylene 

1.93660 

21,226 

22,720 

Benzene-gas 

3.48428 

(?)33,750 

(?)35,19S 

Acetylene 

1.18080 

13,582 

14,073 

Generator-gas 


about 900 

about 1,000 

Water-gas 


3,386 

3,700 

Dowson gas 


4400 

Illuminating-gas. . 


5,000 

5,500 


The values in the above table are based upon Thomsen’s measurements and 
only in the case of benzene is the theoretical density used.* 


TABLE 18A 

At the seventh General Conference on Weights and Measures the following stand- 
ard temperatures were adopted for preparing an international temperature scale. 

Boiling point of oxygen 
Melting point of ice. . . . 

Boiling point of water , 

Melting point of sulfur. 

Melting point of silver. 

Melting point of gold. . 

* Julius Thomsen, Thermochem. Untersuchungen (1882), Vol. II, pp. 56, 85, 
107, and Vol. IV, p. 254. 

CO -h 0 = CO 2 + 67,960 cals. 

H 2 -fO =H 20 + 68,357 cals. 

CH 4 +40 =2 H 2 O + CO 2 + 211,930 cals. 

C 2 H 4 + 60 = 2 H 2 O + 2 CO 2 + 333,350 cals. 

CsHe + 90 = 3 H 2 O + 3 CO 2 + 492,740 cals. 

C 2 H 6 + 15 0 = 3 H 2 O + 6 CO 2 + 787,950 cals. 

C 2 H 2 + 50 = H 2 O + 2 CO 2 + 310,450 cals. 


-182.97“ C 
0.00 
100.00 
444.60 
960.5 
1063 
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TABLE 19. “ MELTING POINTS OF THE CHEMICAL ELEMENTS^ 


Element 

C 

F 

Element 

c 

F 

Helium 

<-271 

<—456 

Neodymium 

840? 

1544 

Hydrogen 

-259 

-434 

Arsenic 

850? 

1562 

Neon 

-253? 

-423 

Barium 

850 

1562 

Fluorine 

-223 

-369 

Praseod 3 miium 

940? 

1724 

Oxygen 

-218 

-360 

Germanium 

958 

1756 

Nitrogen 

-210 

-346 

Silver 

960.5 

1761 

Argon 

-188 

-306 

Gold 

1063.0 

1945.5 

Krypton 

-169 

-272 

Copper 

1083.0 

1981.5 

Xenon 

-140 

-220 

Manganese 

1260 

2300 

Chlorine 

-101.5 

-160.7 

Samarium 

1300-1400 

2370-2550 

Mercury 

- 38.9 

- 38.0 

Beryllium 



Bromine 

- 7.3 

+ 18.9 

(glucinum) 

1350? 

2462 

Cesium 

+ 26 

79 

Scandium 

? 


Gallium 

30 

86 

Silicon 

1420 

2588 

Rubidium 

38 

100 

Nickel 

1452 

2646 

Phosphorus 

44 

111.2 

Cobalt 

1480 

2696 

Potassium 

62.3 

144 

Yttrium' 

1490 

2714 

Sodium 

97.5 

207.5 

Chromium 

1520 

-2768 

Iodine 

113.5 

236.3 

Iron 

1530 

2786 



'Si 112.8 

235.0 

Palladium 

1549 

2820 

SuFur 


Sn 119.2 ’ 

246.6 

Zirconium 

1700? 

3090 


1 

Sm 106,8 

224.2 

Columbium 



Indium 

155 

311 

(Niobium) 

1700? 

3090 

Lithium 

186 

367 


/ >1700 

>3090 

Selenium 

217-220 

422-428 

Thorium 

i <Pt 

<Pt 

Tm 

231.9 

449.4 

Vanadium 

1720 

3128 

Bismuth 

271 

520 

Platinum 

1755 

3191 

Thallium 

302 

576 

Ytterbium 

? 


Cadmium 

320.9 

609.6 

Titanium 

1800 

3272 

Lead 

327.4 

621.3 

Uranium 

<1850 

<3362 

Zinc 

419.4 

786.9 

Rhodium 

1950 

3542 

Tellurium 

452 

846 

Boron 

2200-2500? 

4000-4500 

Antimony 

630.0 

1166 

Iridium 

2350? 

4262 

Cerium 

640 

1184 

Ruthenium 

2450? 

4442 

Magnesium 

651 

1204 

Molybdenum 

2500? 

4500 

Aluminum 

658.7 

1217.7 

Osmium 

2700? 

4900 

Radium 

700 

1292 

Tantalum 

2850 

5160 

Calcium 

810 

1490 

Tungsten 

3000 

5430 

Lanthanum 

810? 

1490 


f >3600 

f >6500 

Strontium 

>Ca<Ba? 


L/arbon 

lforp. = lat. 

Iforp. = lat 


Reproduced from Circular No. 35 (2ud edition) of U. S. Bureau of Standards. 


TABLE 20. — APPROXIMATE TEMPERATURES BY COLORS 


First visible red 

Dull red 

Cherry red 

Dull orange 

White 

Dazzling white . 


Cent. 


525 

700 

900 

1100 

1300 

1500 


Falir, 


977 

1292 

1652 

2012 

2372 

2732 
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TABLE 21 . — DENSITY OF PHOSPHORIC ACID AT 17 . 5 = 


Specific 

Gravity 

Per 

Cent 

P2O6 

Per Cent 
H3PO4 

Specific 

Gra’inty 

Per 
i Cent 
P2OB 

Per Cent 
H3PO4 

specific 

Gravity 

Per 

Cent 

PsOs 

Per Cent 

Ha >0. 

1.809 

68.0 

93.67 

1.462 

46.0 

63.37 

1.208 

24.0 

33.06 

1.800 

67.5 

92.99 

1.455 

45.5 

62.68 

1.203 

23.5 

32.37 

1.792 

67.0 

92.30 

1.448 

45.0 

! 61.99 

1.198 

23.0 

31.68 

1.783 

66.5 

91.61 

1.441 

44.5 

1 61.30 

1.193 

22.5 

30.99 

1.775 

66.0 

90.92 

1.435 

44.0 

60.61 

1.188 

22.0 

30.31 

1.766 

65.5 

90.23 

1.428 

43.5 

59.92 

1.183 

21.5 

29.62 

1.758 

65.0 

89.54 

1.422 

43.0 

59.23 

1.178 

21.0 

28.93 

1.750 

64.5 

88,85 

1.415 

42.5 

58.55 

1.174 

20.5 

28.24 

1.741 

64.0 

88.16 

1.409 

42.0 

57.86 

1.169 

20.0 

27.55 

1.733 

63.5 

87.48 

1.402 

41.5 

57.17 

1.164 

19.5 

26.86 

1.725 

63.0 

86.79 

1.396 

41.0 

56.48 

1.159 

19.0 

26.17 

1.717 

62.5 

86.10 

1.389 

40.5 

55.79 

1.155 

1 S .5 

25.48 

1.709 

62.0 

85.41 

1.383 

40.0 

55.10 

1.150 

18.0 

24.80 

1.701 

61.5 

84.72 

1.377 

39.5 

54.41 

1.145 

17,5 

24.11 

1.693 

61.0 

84.03 

1.371 

39.0 

53.72 

1.140 

17.0 

23.42 

1.685 

60.5 

83.34 

1.365 

38.5 

53.04 

1.135 

16.5 

22.73 

1.677 

60.0 

82.65 

1.359 ! 

38.0 

52.35 

1.130 

16.0 

22.04 

1.669 

59.5 

81.97 

1.354 1 

37.5 

51.66 

1.126 

15.5 

21.35 

1.661 

59.0 

81.28 

1.348 ' 

37.0 

50.97 

1.122 

15.0 

20.66 

1.653 

58.5 

80.59 

1.342 

36.5 

50.28 

1.118 

14.5 

19.97 

1.645 

58.0 

79.90 

l .*336 

36.0 

49.59 

1.113 

14.0 

19.28 

1.637 1 

57.5 

79.21 

1.330 ; 

35.5 

■ 48.90 

1.109 

13.5 

18.60 

1.629 : 

57.0 

78.52 

1.325 i 

35.0 

48.21 

1.104 

13.0 

17.91 

1.621 

56.5 

77.83 

1.319 

34.5 

47.52 

1.100 

12.5 

17.22 

1.613 

56.0 

77.14 

1.314 

34.0 

46.84 

1.096 

12.0 

16.53 

1.605 

55.5 

76.45 

1.308 

33.5 

46.15 

1.091 

11.5 

15 84 

1.597 

55.0 

75.77 

1.303 

33.0 

45.46 

1.087 

11.0 

15.15 

1.589 

54.5 

75.08 

1.298 

32.5 

44.77 

1.083 

10.5 

14.46 

1.581 

54.0 

74.39 

1.292 

32,0 

44.08 

1.079 

10.0 

13.77 

1.574 

53.5 

73.70 

1.287 

31.5 

43.39 

1.074 

9.5 

13.09 

1.566 

53.0 

73.01 

1.281 

31.0 

42.70 

1.070 

9.0 

12.40 

1.559 

52.5 

72.32 

1.276 

30.5 

42.01 

1.066 

8.5 

11.71 

1.551 

52.0 

71.63 

1.271 

30.0 

41.33 

1.062 

8.0 

11.02 

1.543 

51.5 

70.94 

1.265 

29.5 

40.64 

1.058 

7.5 

10.33 

1.536 

51.0 

70.26 

1.260 

29.0 

39.95 

1.053 

7.0 

9.64 

1.528 

50.5 

69.57 

1.255 

28.5 

39.26 

1.049 

6.5 

8.95 

1.521 

50.0 

68.88 

1.249 

28.0 

38.57 

1.045 

6,0 

8.26 

1.513 

49.5 

68.19 

1.244 

27.5 

37.88 

1.041 

5.5 

7.57 

1.505 

49.0 

67.50 

1.239 

27.0 

37.19 

1.037 

5.0 

6.89 

1.498 

48.5 

66.81 

1.233 

26.5 

36.50 

1.033 

4.5 

6 .^ 

1.491 

48.0 

66.12 

1.228 

26.0 

35.82 

1.029 

4.0 

5.51 

1.484 

47.5 

65.43 

1.223 

25.5 

35.13 

1.025 

3.5 

4.82 

1.476 

47.0 

64.75 

1.218 

25.0 

34.44 

1.021 

3.0 

4.13 

1.469 

46.5 

64.06 

1.213 

24.5 

33.75 

1.017 

2.5 

3.44 
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Specific 

Gravity 


0.9992 

1.0007 

1.0022 

1.0037 

1.0052 
1.0067 

1.0053 
1.0098 
1.0113 
1.0127 
1.0142 
1.0157 
1.0171 
1.0185 
1.0200 
1.0214 
1.0228 
1.0242 
1.0256 
1,0270 
1,0284 
1.0298 
1.0311 
1.0324 
1.0337 
1.0350 


TABLE 22. — DENSITY OF ACETIC ACID AT 15° 


Per Cent 
H.C2H3O2 

Specific 

Gravity 

Per Cent 
H.C 2 H 3 OJ 

Specific 

Gravity 

Per Cent 
H.C 3 H 2 O 2 

Specific 

Gravity 

Per Cent 
H.C2HSO2 

0 

1 .0363 

26 

1.0623 

51 

1.0747 

76 

1 

1.0375 

27 

1.0631 

52 

1.0748 

77 

2 

1,0388 

28 

1.0638 

53 

1.0748 

78 

3 

1.0400 

29 

1.0646 

54 

1.0748 

79 

4 

1.0412 

30 

1.0653 

55 

1.0748 

80 

5 

1.0424 

31 

1.0660 

56 

1.0747 

81 

^ 6 

1.0436 

32 

1.0666 

57 

1.0746 

82 

7 

1.0447 

33 

1.0673 

58 

1.0744 

83 

8 

1.0459 

34 

1.0679 

59 

1.0742 

84 

9 

1.0470 

35 

1.0685 

60 

1.0739 

85 

10 

1.0481 

36 

1.0691 

61 

1.0736 

86 

11 

1.0492 

37 

1.0697 

62 

1.0731 

87 

12 

1.0502 

38 

1.0702 

63 

1.0726 

88 

13 

1.0513 

39 

1.0707 

64 

1.0720 

89 

14 

1.0523 

40 

1.0712 

65 

1.0713 

90 

15 

1.0533 

41 

1.0717 

66 

1.0705 

91 

16 

1.0543 

42 

1.0721 

67 

1.0696 

92 

17 

1.0552 

43 

1.0725 

68 

1.0686 

93 

18 

1.0562 

44 

1.0729 

69 

1.0674 

94 

19 

1.0571 

45 

1.0733 

70 

1.0660 

95 

20 

1.0580 

46 

1.0737 

71 

1.0644 

96 

21 

1.0589 

47 

1.0740 

* 72 

1.0625 

97 

22 

1.0598 

48 

1.0742 

73 

1.0604 1 

98 

23 

1.0607 

49 

1.0744 

74 

1.0580 

99 

24 

25 

1.0615 

50 

1.0746 

75 

1.0553 

100 
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TABLE 23. — USEFUL DATA OF THE MOEE IMPORTANT INORGANIC 

COMPOUNDS* 


Substance Formula 


Acetic acid 

HC 2 H 3 O 2 

Aluminum 

A1 

chloride 

AI 2 CI 6 

chloride 

ALCls • 12 H 2 O 

oxide 

AhOs 

sulfate 

AI 2 ( 804)3 

sulfate 

Al2(S04)3-18H2O 

Ammonia 

NHa 

Ammonium 

NH 4 

chloride 

NH 4 CI 

hydroxide 

NH 4 OH 

nitrate 

NH 4 NO 3 

sulfate 

(NH4)2S04 

Antimony 

Sb 

Arsenic 

As 

oxide 

AS 2 O 6 

Arsenous oxide 

AS 2 O 3 

Arsenious oxide 

AS 2 O 3 

Barium 

Ba 

carbonate 

BaCOa 

chloride 

BaCla 

chloride 

BaCl2*2B[20 

hydroxide 

Ba(OH )2 

hydroxide 

Ba(0H)2-8H2O 

sulfate 

BaS 04 

oxide 

BaO 

peroxide 

Ba02 

Bromine 

Br 

Cadmium carbonate. 

CdCOs 

chloride 

CdCla 

chloride 

CdCl2-2H20 

sulfide 

CdS 

Calcium 

Ca 

carbonate 

CaCOa 

chloride 

CaCl 2 

chloride 

CaCla-eHaO 

hydroxide 

Ca(OH )2 

oxide 

CaO 

sulfate 

CaS04 

sulfide 

CaS 

Carbon 

C 

dioxide 

CO 2 

Chlorine 

Cl 

Chromic anhydride . . 

CrOa 

oxide 

Cr203 

Citric acid 

HsCfiHsOy 

Cobalt 

Co 

Copper 

Cu 

oxide 

CuO 

sulfate 

CUSO 4 

sulfate . 

c 

sulfide 

CuS 


Molecular 

Weight in 

or Atomic 

1ml ofiV 

Weight 

solution 

60.03 

.06003 

27.10 

.009033 

266.96 

.04449 

483.15 

.08053 

102.20 

.01703 

342.38 

.05706 

666.67 

.1111 

17.03 

.01703 

18.04 

.01804 

53.50 

.05350 

35.05 

.03505 

80.05 

.08005 

132.14 

.06607 

121.77 

.06090 

74.96 

.03748 

229.92 

.038321 

197.92 

.03299 

197.92 

.04948® 

137.37 

.06868 

197.37 

.09868 

208.29 

.1041 

244.32 

.12212 

171.38 

.08569 

315.51 

.1577 

233.44 

.1167 

153.37 

.07668 

169-37 

.08469 

79.92 

.07992 

172.40 

.08620 

183.32 

.09166 

219.35 

.1097 

144.47 

.07223 

40.00 

.02000 

100.07 

.05003 

110.99 

.055495 

219,086 

.10954 

74.09 

.03704 

56.07 

.02803 

136.14 

.06807 

72.14 

.03607 

12.005 

.00300 

44.00 

.022001 

35.46 

.03546 

100.00 

.033333® 

152.00 

.025333 

192.06 

.06402 

58.97 

.02948 

63.57 

.03178^ 

79.57 

.07957 

159.63 

.1596 

249.71 

.2497 

95.63 

.04781 


Solubility 
in 100 Gms. * 
Water 


69 . 87 ^^ 

40 

insol. 

36,1200 

87 


29.40^ 

118®** 

7100 


150 


86 . 2 ®“ 

5.56^“ 

.000172®® 

1.5®“ 

insol. 

4.17®“ 

insoL 

140200 

1682®“ 

insol. 

mis 

59.5®“ 

117.4®“ 

.17®“ 

.13®“ 

.179®“ 

.15^®“ 

insol. 

179.67 ml.®^ 
150 ml.®“ 
163.4®“ 
insoL 
133. 


20 ®“ 

31.61®“ 

.000033 


1 Precipitation reagents. = Acids and bases _ .Ori^and reducing agents. 

i In tbe iodide method for determining copper the millieqmvalent is 0.063i>7. 

* Compiled and arranged by R. M. Meiklejohn. 
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TABLE 23. — USEFUL DATA OF THE MORE IMPORTANT INORGANIC 
COMPOUNDS — Contimied 


Substance 

Formula 

Molecular 
or Atomic 
Weight 

Weight in 

1 ml of iV 
solution 

^ Solubility 
in 100 Gms. 
Water 

Cyanogen 

CN 

26.005 

.02600 


.Ferric oxide 

FeoOs 

159.68 

.079843 


Ferrous oxide 

FeO 

71.84 

.07184= 

insol. 

sulfate 

FeSOi 

151.90 

.15193 


sulfate 

FeS04-7H20 

•278.01 

.27808 

32.80° 

gunmon’m sulfate.. . 

FeS04(NH4)2S04-6H20 

392.14 

.3921 

180° 

Hydrobromic acid. . . 

HBr 

80.928 

.08093 

221 . 2 °° 

Hydrochloric acid — 

HCl 

36.47 

.03647 

82 . 510 ® 

Hydrocyanic acid 

HCN 

27.02 

.02702 


Hydrofluoric acid. . . . 

HF 

20.01 

.02001 

264 

Hydriodic acid 

HI 

127.93 

.1279 


Hydrogen peroxide . . . 

H 2 O 2 

34.016 

.01700 


Hydrogen sulfide .... 

H 2 S 

34.076 

.01704 

437 ml.o° 

Iodine 

I 

126.92 

.1269 

.0182“° 

Iron 

Fe 

55.84 

.05584 


Lead 

Pb 

207.20 

.1036 


carbonate 

PbCOa 

267.20 

.1336 

.00198 

chromate 

PbCr 04 

323.20 

.1616 

.0000218° 

oxide 

PbO 

223.20 

.1116 


peroxide : 

Pb 02 

239.20 

.1196 


sulfide 

PbS 

239.26 

.1196 

.0001 

Magnesium 

Mg 

24.32 

.01216 


carbonate 

MgCOs 

84.32 

.04216 

.0106 

chloride 

MgCL 

95.24 

.04762 

52.2»° 

chloride 

MgCl 2 - 6 H 20 

203.34 

.1017 

167 

oxide 

MgO 

40.32 

.02016 

.00062 

sulfate 

MgS04 

120.38 

.06019 

26.9°° 

sulfate 

MgSOrTHoO 

246.49 

.1232 

76.9°° 

Malic acid 

H 2 C 4 H 4 O 5 

134.06 

.06703 


Manganese 

Mn ^ 

54.93 

.02746 


chloride 

MnCla 

125.85 

.06292 

62.1610° 

peroxide 

MnOa 

86.93 

.04346 

insol. 

sulfate 

MnS04 

150.99 

.07549 

53.20° 

Mercuric chloride 

HgCls 

271.52 

.1358 

5 . 730 ° 

Nickel 

Ni 

58.68 

.02934 


Nitric acid 

HNOr 

63.02 

.063022 


Nitric acid 

HNO 3 

63.02 

.021013 


Nitrogen trioxide .... 

N 2 O 3 

76.02 

.01900® 


pentoxide 

N 2 O 5 

108.02 

.054012 


pentoxide 

NaOs 

108.02 

.01803® 


Nitrous acid 

HNO 2 

47.02 

.04702 


Nitrogen 

N 

14.01 

.01401 


Oxalic acid 

H 2 C 2 O 4 

90.02 

.04501 


Oxalic acid 

H 2 Co 04 - 2 H 20 

126.05 

.06302 

4.90° 

Phosphoric acid 

H 3 P 04 

98.06 

.098062 

V. sol. 

Phosphoric acid 

H 3 P 04 

98.06 

.049032 

y. sol. 

Phosphoric acid 

H 3 P 04 

98.06 

.03268 

V. sol. 

Potassium 

K 

39.10 

.03910 


bicarbonate. 

KHCO 3 

100.11 

,1001 

22.40° 

bitartrate 

KHC4H4O6 

188.14 

.1881 

.370° 

bromide 

KBr 

119.02 

.11902 

53.480° 

carbonate 

K 2 CO 3 

138.20 

.06910 

89.40° 

chlorate 

KCIO 3 

122.56 

.020433 

3.304 


1 Precipitation reagents. 2 Acids and bases. 8 Oxidizing and reducing agents. 

M Methyl orange. P. Phenolphthalein. ^ Temp. C. 
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TABLE 23. — USEFUL DATA OF THE 
COMPOUNDS 


Substance Formula 


Potassium chloride. . 

KCl 

chromate 

K2Cr04 

chloroplatinate . . . 

K2PtCl3 

cyanide 

KCN 

dichromate 

K2Cr20r 

dichromate 

K2Cr207 

ferrocyanide 

K4Fe(CN)6 

ferrocyanide 

K4Fe(CN)6-3H20 

hydroxide 

KOH 

iodate 

KIO 3 

iodide 

KI 

nitrate 

KNO 3 

nitrite 

KNO 2 

oxide 

K 2 O 

permanganate .... 

KMn 04 

sulfide 

K 2 S 

sulfocyanate 

KCNS 

tartrate 


Silver 

Ag 

nitrate 

AgNOj 

Sodium 

Na 

bromide 

NaBr 

bicarbonate 

NaHCOa 

carbonate 

NaaCOa 

chloride 

NaCl 

cyanide 

NaCN 

hydroxide 

NaOH 

iodide 

Nal 

nitrate . 

NaNOs 

nitrite 

NaNOa 

oxalate 

Na2C204 

oxide 

Na20 

phosphate (mono) . . 

NaH2P04 

phosphate (disod) . . 

Na2HP04 

phosphate (disod) . . 

Na 2 HP 04 - 12 H 20 

phosphate (trisod). 

Na3P04 

sulfide 

NaaS 

thiosulfate 

Na2S203-5H20 

Stannous chloride — 

SnCl 2 

chloride 

SnCl2-2H20 

oxide 

SnO 

Sulfur dioxide 

SO 2 

trioxide 

SO 3 

Sulfuric acid 

H 2 SO 4 

Tartaric acid 

H 2 C 4 H 4 O 6 

Tin 

Sn 

Zinc 

Zn 

carbonate 

ZnCOg 

chloride 

ZnCl 2 

oxide 

ZnO 

sulfate 

ZnS04 

sulfate 

ZnS04-7H20 

sulfide 

ZnS 


MORE IMPORTANT INORGANIC 

— Concluded 


Molecular 

Weight in 

Solubility 

or atomic 

1 ml of .V 

in 100 Gms. 

weight 

solution 

Water^ 

74.56 

.07456 

28.5^'= 

194.20 

.064732 

61.5"= 

486.16 


insol. in ale. 

65.11 

.0651P 

V. soL 

294.20 

.147F 

4.9“= 

294.20 

.049032 

4.9°= 

368.30 

.3683 


422.35 

.4223 

27.812® 

56.11 

.05611 

107>^° 

214.02 

.03567 

4.74°= 

166.03 

.1660 

126. P= 

101.11 

.03370 

13.3“° 

85.11 

.08511 

300^5.50 

94.20 

.04710 

V. sol. 

158.03 

.03161 

2.83°= 

110.26 

.05513 

sol. 

97.18 

.09718 

177.2°= 

226.23 

.1131 

sol. 

107.88 

.1079 


169.89 

.1699 

122°= 

23.00 

.02300 


102.92 

.1029 

79.5“° 

84.01 

.08401 

6.90°= 

106.00 

.05300 

7.1“° 

58.46 

.05846 

35.7°= 

49.01 

.04901 

sol. 

40.01 

.04001 

133. SIS'’ 

149.92 

.14991 

158,7°= 

85.01 

.02834 

72.9°® 

69.01 

.06901 

S3 ! 320 = 

134.00 

.06700 

3.221°*®° 

62.00 

.03100 

decomp. 

120.062 

.1201 

V. sol. 

142.052 

.1421 


358.242 

.3582 

6.3°*? 

164.042 

.1640 


78.06 

.03903 

15 . 41 °° 

248.20 

.2482 

74.7°= 

189.62 

.09481 

S3.9°= 

225 . 65 

.1128 

118.7°= 

134.70 

.06735 

insol. 

64.06 

.03203 

7979 inl.°° 

80.06 

.04003 


98.076 

.04904 


150.05 

.07503 

115°= 

118.70 

.05935 


65.37 

.03268 


125.37 

.06268 

.0011®= 

136.29 

.06814 

209°= 

81.37 

.04068 

.001 

161.43 

.08071 

43.02°° 

287.54 

.1438 

115.2°= 

97.43 

.04871 

.00069 


1 Precipitation reagents. ' Acids and bases. ’ Oxidising and reducing agents. 

^ The small superior numbll-s in the last column refer to the temperature in degrees Centigrade, 
fi In the Liebig KCN titration and in the determination of nickel the milli-equi valent is 0-1302. 



784 


DENSITY TABLES 


TABLE 24. ~ COMPARISON OF METRIC AND CUSTOMARY UNITS 

(U. S.) 

LENGTH 

1 millimeter, mm = 0.03937 inch. 1 inch = 25.4 millimeters. 

1 centimeter, cm = 0.39371 inch. 1 inch = 2.5400 centimeters: 

1 meter, m - 3.2S08 feet. 1 foot = 0.30480 meter. 

1 meter == 1.0936 yards. 1 yard = 0.91440 meter. 

1 kilometer = 0.62137*^ (U.S.) mile. 1 mile = 1.6094 kilometers. 


AREAS 


1 square millimeter, sq mm : 0.00155 sq in. 

1 sq in 

= 

645.16 sq mm: 

1 square centimeter, sq cm ■ 0.1550 sq in. 

1 sq in 

= 

6.452 sq cm. 

1 square meter, sq m 

: 10.764 sq ft. 

1 sq ft 

= 

0,0929 sq m. 

1 square meter 

: 1.196 sq yd. 

1 sq yd 

= 

0.8361 sq m. 

1 square kilometer 

: 0.3861 sq mi. 

1 sq mi 

= 

2.5900 sq km. 

1 hectare 

: 2.471 acres. 

1 acre 

= 

0.4047 hectare: 


VOLUMES 




1 cubic millimeter, cu mm = 0.000061 cu in. 

1 cu in 

ssr 

16,387 cu mm: 

1 cubic centimeter, ml 

= 0.06103 cu in. 

1 cu in 

= 

16.387 ml. 

1 cubic meter 

= 35.314 cu ft. 

1 cu ft 


0.02832 cu m. 


= 61,028 cu in. 


= 

28.32 liters. 

1 cubic meter 

“ 1.3079 cu yd. 

1 cu yd 

= 

0.7645 cu m: 


CAPACITIES 




1 cubic centimeter, ml 

= 0.03381 (U.S.) liquid oz. 

1 ounce 


29.574 ml: 

1 cubic centimeter 

= 0.2705 (U.S.) apothecaries 





dram. 

1 dram 


3.6967 ml: 

1 cubic centimeter 

= 0.8115 (U.S.) apothecaries’ 





scruple. 

1 scruple 


1.2322 ml. 

1 liter 

= 1.05668 (U.S.) liquid qts. 

1 quart 


0.94636 liter. 

1 liter 

= 0.26417 (U.S.) gaUon. 

1 gallon 


3.78543 liters. 

1 liter 

= 0.11351 (U.S.) peck. 

1 peck 


8.80982 liters. 

1 hectoliter 

- 2.83774 (U.S.) bushels. 

1 bushel 


0.35239 hectoliter. 


MASSES 


Igram = 15.432 grains. Igram = 0.06480 gram. 

Igram = ; 0.03527 avoirdupois 

oimce. 1 ounce (av.) = 28.350 grams = 437.5 grains: 

Igram • 0.03215 troy ounce. 1 ounce (troy) = 31.103 grams = 480 grains. 

1 kilogram: 2.2046 pounds (av.). 1 pound (av.) = 0.4536 kilogram. 

Hologram: 2.6792 pounds (troy). 1 pound (troy) = 0.37324 kilogram. 
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AVOIRDUPOIS WRIGHT 

The system of weights in ordinary use by which common or heavy articles are 
weighed. 

16 drams — 1 ounce = 2S.3o grams. 

16 ounces = 1 pound = 453.59 grams. 

25 pounds = 1 quarter = 11.34 kilograms. 

4 quarters — 1 hundred weight — 45.359 kilograms^ 


APOTHECARIES’ WEIGHT 

The system of weights sometimes employed in weighing medicinesj 
1 grain = 0.0648 gram. 

20 grains ~ 1 scruple = 1.296 grams. 

3 scruples = 1 drachm = 3.888 grams. 

8 drachms = 1 ounce = 31.10 grams. 

12 ounces = 1 pound = 373.23 grams. 

1 apothecaries’ (or troy) pound contains 5760 grains; 
1 apothecaries’ (or tro}’-) ounce contains 480 grains. 


FLUID MEASURE 


1 minim 

0.06161 cubic centimeter; 

60 minims — 1 fluid drachm 

3.696 

cubic centimeters; 

8 fluid drachms = 1 fluid ounce 

29.573 

cubic centimeters. 

16 fluid ounces == 1 pint 

473.18 

cubic centimeters. 

8 pints = 1 gallon 

3.785 

liters. 


1 gallon contains 231 cubic inches. 


The minim, fluid drachm, fluid ounce and pint are the fluid measures sometimes 
employed by apothecaries. 


Useful Approximations 

1 molecular weight in grams of a gas = 22.4 liters. 

1 molecular weight in pounds of a gas = 359 cubic feet; 

To find temperatures on the absolute scales, which starts at the absolute ” zero, 
add 273° to the reading of the Centigrade thermometer or 459.4° to the reading of 
the Fahrenheit thermometer. The so-called “ standard conditions ” for measuring 
gases (0° and 760 mm of Hg pressure) are 273° (absolute) and 760 mm or 491.4° F 
(absolute) and 29.92 in. of mercury pressure or 14.7 lb per sq in. 


SPECIFIC GRAVITIES OP COMMON SUBSTANCES 


Aluminum 

2.7 

Lead 

11.3 

Quartz 

2.66 

Brass 

8.4 

Marble 

2.7 

Rock Salt 

2.15 

Cast iron 

7.3 

Mercury 

13.6 

Silver 

10.5 

Glass 

2.6 

Nickel 

8.7 

Steel 

7,8 

Gold 

19.3 

Platinum 

21.4 

Sulfur 

2.05 

Ivory 

1.9 

Porcelain 

2.4 

Zinc 

7.10 
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TABLES FOR CALCULATING ANALYSES 

DIRECTIONS FOR USING THE TABLES 

Computations of Gravimetric Analysis. — The methods of computing the results 
in gravimetric work have been shown in the text. In the so-called direct analysis 
it is assumed that all the desired element in the original substance is converted 
into a weighed precipitate of which a known fraction consists of the element in 
question. The fraction, usually expressed as a decimal, which represents the 
amount of an element A in one of its compounds is commonly called the chemical 
factor: It represents the weight of A in one part by weight of the compound, inde- 
pendent of what unit of weight is used- 

Thus, to be specific, 1 g of silver chloride contains 0.7526 g of silver; 1 lb of 
silver chloride contains 0.7526 lb of silver. If p grams of silver chloride are obtained 
from s grams of original substance, then 0.7526 p is the weight of silver in the sample 

taken and — per cent of silver in the substance analyzed. The 

general rule for computing a direct gravimetric analysis is as follows: Multiply 
the weight of the precipitate by 100 times the chemical factor and divide by the 
weight of the original substance. Using the notation as above: 

p X chem. factor X 100 i ^ , 

= desired percentage 

s 

A table of chemical factors is given on the following pages. The use of the table 
may be illustrated by an example: 

From 0.5 g of arsenic ore, 0.4761 g of Mg 2 As 207 was obtained. What is the 
per cent of arsenic in the ore? 

In the table (p. 791) we seek as under the heading ^‘Sought’^ and Mg 2 As 207 
under the heading “ Found, and we find on the same line that the chemical factor 
is 0.4S27. Finally, in the fourth column w^e find that the logarithm of this number 
multiplied by 100 is 1.6837. The computation is as follows: 

log factor X 100 1.6837 

log 0.4761 9.6777 - 10 

colog 0.5 0.3010 

1.6624 log of 45.96 

The ore contains 45.96 per cent of arsenic. 

If the weight of ore had been 0.4827 g (a so-called factor w^eight) the percentage of 
arsenic w^ould have been found by multiplying the wreight of precipitate by 100. 

This table of factors is convenient, but every chemist should know how to com- 
pute any factor. As this often causes trouble for beginners, the method of com- 
puting the factors wiU be discussed. 

Computing the Factor. — The symbol AgCl show’s that one atomic weight of silver, 
107.88, is present in 1 molecular weight of silver chloride, 143.34. This ratio of 
w’eights is independent of the unit of weight used and is just as true of tons, pounds, 
ounces or grains as it is of grams. Using the conception of the gram-molecular 
weight, the formula show^s that 107.88 g of silver are present in 143.34 g of silver 
chloride. If 143.34 g of silver chloride contain 107.88 g of silver, 1 g of silver 
107 88 

chloride will contain = 0.7526 g silver. In other words, the chemical 
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factor for silver in silver cMoride is found by diidding the atomic weight of silver 
by the molecular weight of silver chloride. Using ^bols, the chemical factor in 
Ag 

this case is It represents the ratio of whut is sought to what has been found. 

In the case of the arsenic analysis referred to above, the symbol for magnesium 
p^Toarsenate, MgaAsoOr, shows that 2 atoms of arsenic are present in the molecule. 
2 A<? 14.Q Q 

The chemical factor is ^ = 0.4S27. 

As a still more complicated case, assume that a sample of magnetite is analyzed 
in such a way that aU the iron is converted into Fe^Os and it is desired to know’ 
the w^eight of Fe304 originally present. The chemical factor for converting a w’eight 

of FeoOa into the equivalent weight of Fe304 is ^ == 0.9666. 

o rCsUs 4/9,1 

The concept of the chemical factor may be applied to any chemical equation as 
w’ell as to any precipitate. The foUowdng equation represents the reaction between 
ferrous ions and dichromate ions: 

6 Fe++ + CraOz"" + 14 H- 6 Fe+^ + 2 Cr-^ -f 7 H^O 

On the basis of this equation w’e can compute the w’eight of ferrous ammonium 
sulfate -which will react with a given W’eight of potassium dichromate. The chemical 
factor is 

6 [FeS0 4-(NH4)2S0 4-6H20] _ 6 X 392.1 _ 

K2Cr207 294.2 


If the weight of dichromate is multiplied by this factor the product will be the equiva- 
lent of ferrous ammonium sulfate. If a w’eight of ferrous ammonium sulfate is 
divided by 7.998, the quotient is the equivalent weight of dichromate. 

It is possible to arrive at the same result by a slightly different method of reasoning 
and this other method is more like the method used in volumetric computations. 
If the w^eight of ferrous ammonium sulfate, p, is divided by the molecular w’eight 
of ferrous ammonium sulfate, the quotient represents the number of moles of fer- 
rous ammonium sulfate present. The equation, how’ever, show’s that one-sixth 
as many moles of dichromate are required so that by di\ddmg by six and multiplying 
by the molecular w^eight of dichromate the weight of dichromate is obtained. In 
each case the computation may be expressed as followe: 


p X KsfcOr 

FeS04*(NH4)2S04-6H20 X 6 


: weight of dichromate 


The fraction (§^)^04-6H.0 weight of dichromate which 

corresponds to 1 g of ferrous ammonium sulfate, the fraction 


FeS04- (NH 4 ) 2 S 04 - 6 H 20 

represents the number of moles of ferrous ammonium sulfate present. 

It is evident from the foregoing discussion that ordinary chemical arithmetic 
is really very simple. Formerly the so-called *^rule of three” w’as used more in 
elementary texts on arithmetic than it is today. In Germany it is still used more 
than in the United States. Most text-books on analytical chemistry have been 
influenced by German practice and beginners in chemistry have been taught to 
use proportions in chemical arithmetic instead of reasoning out unit values as 
they have been taught before studying chemistry. In the above discussion not 
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a single proportion has been written out to be solved mechanically by the rule that 
^‘the product of the means is equal to the product of the extremes.’’ 

Computations of Volumetric Analysis. 

1. Relative Strength of Solutions. 

(a) If a milliliters of solution A = b milliliters of solution then 

1 ml of solution A milliliters solution B: 1 ml of S = ? milliliters 
a 0 

of A. 

(b) If solution A is N-normal, then solution B is g X A-normal. 

(c) If solution A is N-normal and solution B is AT-normal, then 1 ml 

of A = N/M milliliters of R; 1 ml of R = M/N milliliters of A. 

2. Normal Strength or Normality. 

The normal strength gives the number of miUi-equivalents contained in 1 ml 
of solution. Thus, 1 ml of a normal solution contains 1 milli-equivalent 
in each milliliter. 

(a) To find the normality, divide the value of 1 ml in terms of any pure 

substance by the milli-equivalent of that substance. Thus, if ml 
represents the number of milliliters of solution that contain or are 
equivalent to g grams of a pure substance (of which the milli- 

equivalent is e), then the normality, N, is , - N, 

ml X & 

(b) If N be the normality, and e the milli-equivalent, then 1 ml of the 

solution = e X N grams of the substance in question. 

The milli-equivalent may be part of the molecule: thus 
1 ml of 0.3 N acid — 0.3 X 0.031 g of NasO. 

3. General Method of Finding the Percentage by Weight. 

Let ml represent the net volume of reagent required, N the normality 

of the reagent, 5 the weight of substance taken, and e. the milli- 

equivalent weight of the constituent whose percentage is required. 

ml X N X e X 100 , 

Then = per cent. 

s 

Note that if s == AT-c-lOO, then ml — per cent. 

4. Equivalent Weights. 

(a) Acids. Let M = molecular weight, MO = methyl orange, P == 
phenolphthalein. The first three acids may be titrated with either 


indicator. 


Add 

Equivalent 

HCl 

M 

HNO3 

M 

H2SO4 

M/2 

HC2H3O2 

M (With P) 

H2C4II4O6 

M/2 (With P) 

H2CO3 

M (With P) 

KHC4H4O6 

M (With P) 
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H2C204 • 2H20 

M /2 (With P) 

KHC204 

EIIC2O4 • H2C2O4 • 2 H !,0 

M (With P) 

M /3 (With P) 

H3PO4 

M (With MO) 

H3PO4 

M /2 (With P) 

HsBOs 

M (With P and glycerol, not acid to MO) 

Bases 

Equivalent 

KOH 

* M 

NaOH 

M 

NH4OH 

M (With MO) 

Ba(0H)2 

M /2 


(c) SALTS OF WEAK ACIDS 

Salts of carbonic and boric acids may be titrated mth methyl 
orange as if the free base were present. With phenolphthalein the 
end-point is reached when the carbonate is completely changed to 
bicarbonate. Thus Na2C03 titrates as if it were 2 NaOH with methyl 
orange but reacts with only one (1) equivalent of acid if phenol- 
phthalein is used in the cold. 

(d) OXIDIZING agents: 


Substance Reduction Change Equivalent 

Each Cr loses 3 charges M/6 

KMnOi • Mn+n M/5 

KMn04 . MnOs M/3 

MnOa M/2 

KBrOs or KIO3 (Br or I)+v to (Br or I)-i M/6 

Free Cl, Br, I To (Cl, Br, or I)-^ At. Wt. 

Cu++ (Iodide method) To Cu"^ At. Wt. 

Na202 0=t to 0= M/2 

(e) KEDUCING agents: 

Substance Oxidation Change Equivalent 

H2S S= to SO M/2 

SnCL Sn++ to Sn+ M/2 

HI rtoP M 

Zn ZdP to : M/2 

Fe Feo to Fe++ At. Wt. 

Fe (After solution in acid) At. Wt. 

Fe (Any ferrous salt containing 1 Fe) Fe“^ to . M 

H202 (With KMn04) 0± to 0++ M/2 

K4Fe(CN)6 To [Fe (CNle]^ M 

H2C204-H20 or KHC2O4 or ; To 2 CO2 M/2 

KHC2O4 • H2C2O4 • 2H2O To 4 CO2 M/4 

ToiNa2S406 M 

To 2 As 03= or 2ASO2*’ M/4 


AsaOa 
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5 . Equivalent weight depends on the reaction. 

Considered as a salt (that is, as if it were a precipitant) the equivalent weight of 
KMn04 = M. A solution of KMn04 which is normal as a salt would be 5 A in a 
reaction with a ferrous salt whereby the Mn loses 5 valence charges, and would 
be 3 Y in a reaction whereby the KMn04 is only reduced to Mn 02 . 

Similarly the equivalent weight of potassium binoxalate, KHC2O4, or of potassium 
tetroxalate KHC204*H2C204*2H20, depends upon the replaceable hydrogen when 
considered as an acid, but as reducing agents the oxalate content alone is to be 
considered, A solution of<» tetroxalate which is normal as an acid is four-thirds 
normal as a reducing agent. Arsenic acid is like phosphoric acid as an acid, but 
in the reaction with hydriodic acid the As is reduced from the quinquevalent to the 
trivalent state (cf. pp. 473 - 477 ). 
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Sought 

Found 

Factor 

Log 

Sought 

Found 

Factor | Log 

Ag 

AgBr 

AgCl 

AgCN 

Agl 

0.5744 

0.7526 

0.8058 

0.4595 

0.6350 

0.9310 

0.8706 

0.7731 

0.7125 

9.7593 

9.8766 

9.9062 

9.6622 

9.8028 

9.96S9 

9.9398 

9.8882 

9.8528 

AsOa 

MgoPA 

(NH4MgAs04)2 
H 3 O 

U04 jo.0430 
0.0400 b.SlOS 

AiNOa 

Ag 20 

Ag,S 

Ag3P04 

Ag4Po07 

AS 2 O 5 

As, S 3 

As.Sa 

2 B 

MgoASoOr 

Mg2P207 

(-\H 4 MgAsO 4 ), 
H,0 

0.9341 

0.7410 

0.4529 

0.7403 

1.032 

0.6040 

9.9704 

1.S69S 

9.6560 

LS694 

0.0138 

9.7810 

AgoO 

AgCl 

0.S0S4 

9.9076 

A1 

AI 0 O 3 

AlPOi 

0.5291 

0.2210 

9.7236 

9.3446 

ASO 4 

AS 2 S 3 

As,S5 

h 

MgoAsAO: 

AlgeP^lr 

(XHAlgAs04)2. 

H,0 

L129 

0.S957 

0.5473 

0.8949 

1.2477 

0.7301 

0.0528 

9.9522 

9.7383 

9.9518 

0.0962 

9.8634 

AloOs 

AIPOj 

0.4178 

9.6210 

AIF 3 

CaFo 

0.7170 

9.8555 

AICI 3 

AI 2 O 3 

2.616 

0.4177 

Au 

AuGla 

HAuCB.lHoO... 

KAii(CX)4.HoO. 

0.6496 

0.4785 

0.5500 

9.8126 

9.0799 

9.7403 

AhiBO.h 

AI 2 O 3 

3.356 

0.5258 

ALCSOJs.lS 

H 2 O 

AI 0 O 3 

6.537 

0.8154 

B 

1 

BA 

KBF 4 

H 3 BO 3 

Xa 2 B 4 O;. 10 HjO . 

0.3107 

0.0S593 

0.1750 

0.1135 

9.4924 

S.9342 

9,2430 

9.0549 

As 

AS 2 O 3 

AS 2 O 5 ' 

AS 2 S 3 

AS 2 S 5 

h 

Mg2AS207 

Mg,P,07 

(NH4AIgAs04)2 
H 2 O 

0.7575 

0.6521 

0.6091 

0.4832 

0.2953 

0.4827 

0.6731 

0.3939 

9.8794 

9.8143 

9.7847 

9.6841 

9.4703 

9.6837 

9.8281 

9.o9o3 

B 2 O 3 

KBF 4 

H 3 BO 3 

XaoBiOj.lOHaO. 

0.2766 

0.5630 

0.3652 

9.4418 

9.7505 

9.5625 

BOo 

BO 3 

BA 

B.Oj 

B 2 O 3 

B 2 O 3 

1.229 

1.6S9 

1.115 

0.0898 

0.2277 

0.0472 

AS 2 O 3 i 

AS 2 O 5 

AS 2 S 3 

AS 2 S 5 

2 I 2 

Mg2AS207 

Mg2P207 

(NH4MgAs04)2 
HoO 

0.8609 

0.8041 

0.6378 

0.3900 

0.6372 

0.SSS7 

0.5199 

9.9349 

9.9053 

9.S047 

9.5909 

9.8043 

9.9487 

9.7160 

Ba 

BaCl2.2H,0 

BaCOa 

BaCrO.., 

BaS04 

BavSiFe 

0.5621 

0.6961 

0.5422 

0.5SS5 

0.4916 

9.7498 

9.8426 

9.7341 

9.7697 

9.6916 

1 

BaO 

BaCOs 

BaCrO, 

BaS 04 

BaSiFc 

0.7771 

0.0053 

0.6570 

0.5489 

19.8905 

19.7820 

9.8176 

9.7395 

AsOb 

AsoSa 

AS 2 S 5 

Mg^ASiO; 

0.9992 

0.7926 

0.7919 

9.9996 

9.8991 

9.8987 


* The use of the table will be illustrated bv two examples. (1) What weight of silver corresponds to v grams 
of silver bromide? Look up Ag in the column “Sought” and AgBr in the column “Found.” For computation 
with a slide rule, use column 3, p X 0.5744 = weight of Ag, mth torithms, log v P.75P2 = log weight of Ag. 
(2) Wlint woiglir, of silver bromide corresponds tog grams of silver? U.^o ihc same facinr as before, but aiviie by 

it or swhirac!: the logarithm. ^ . , . , , 

Strictly speaking, the logarithm in the above case is not 9.7592 but 9./o92 —• 10 or l.(o92, in which the charac- 
teristic is a negative number and the mantissa a positive^ fraction. It is a little easier to use the first expression 
and in chemical comrnt.^tiors *t 's not necessary to write out the— 10 each time because there is never any 
doubt whether c cS 7 9 c" 0 ronm«en+s .e vcrv” Inrae rumber nr n ^^umber less than unity. 

In computing ihirwciRy-' oi siivc- bro-rddc iosicmi o' .uhimciiov .r v !■)>::■-: i m 9.75^ it ^ more convenient to 
add the co-logarithm 0.2407 v. i.icii i-,- ocudoci! ov.’ckh by suiiTr:;**;::'.'.? c;L(:r: of 9.7592 from 9 except the last 

one which is subtracted from 10. It gives the logarithm of = 0.2408, 



792 


CHEMICAL FACTORS 


CHEMICAL FACTORS —Continued 


Souglit 

Found 

Factor 

Log 

Sought 

Found 

BaOo 

Ba 

1.233 

0.0909 

0 

P 

'AlgCOs 


BaCrO-i 

0.6685 

9.8251 


Mg(HC03)2. 


BaSO.!.. 

0.7256 

9.S607 


MgO 






MnCOs 

BaCOs 

BaS04. 

0.S458 

9.9272 


:Mn(HC03)2. 

BaCl 2 . 2 H 20 

BaS 04 . 

1.047 

0.0198 


NaoCOs 

BaCr04 

BaS04. 

1.085 

0.0356 


NaHCOs 

BaF 2 

BaSiFs, 

0.6276 

9.7977 



Ba(N03)2 

BaS 04 . 

1.120 

0.0491 


(NH4)oC03. 

Ba3(P04)2 

BaS 04 . 

0.8599 

9.9345 


PbCOg 

BaS 

BaS04. 

0.7258 

9.8608 


Bb2Cd3 






BbCHCOs). 

Be 

BeO 

0.3605 

9.5569 


SrC03 

BeO 

BeClo 

0.3130 

.4956 


Sr(HC03)2. 

BeO 

BeS04.4H20. . 

0.1412 

9.1500 


SrO 






ZnC 03 

Bi 

Bi203 . . . 

0.8970 

9.9528 




BiOCL. 

0,8024 

9.9044 

0 

P 

0 

p 


BiP04 . 

0.6874 

9.8372 




Bi2S3. . . 

0.8129 

9.9101 

Ca 

CaC 204 .HoO. 


BL4s04 . 

0.6006 

9.7786 


CaC 204 






CaCis 

BioOg 

Bi 

1 115 0.0472 


CaCds 


BiOCl 

0.8946 

9.9516 


CaFa 


BiP04 

0.7663 

9.8844 


CaO 


BioSs 

0.9063 10.9573 


CaS04 


BiAsOi 

0.6696 

9.8258 


CO 2 


BiONda 

0.8118 

9.9095 




Bi(N0,)!.5H20 

0.4803 

9.6815 

CaO 

CaC 204 .H 20 .. 






CaCA 

Br 

Ag. . . 

0.7408 

9.8697 


CaCds 


AgBr. 

0.4256 

9.6290 


CaFa 


AgCl. 

0.5576 

9.7463 


Ca(HC 03 ) 2 ... 

iHBr.. 

0.9874 

9.9945 


Ca(H 2 P 04 ) 2 .H 






Ca2P207 

BrOs 

Ag. . . 

1.186 

0.0740 


Ca(HS03)2... 


AgBr. 

0.6812 

9.8332 


Ca3(P04)2.... 






CaSOs 

Br205 

Ag. . , 

1.111 

0.0459 


CaS04 


AgBr. 

0.6386 

9.8052 


CaS 04 . 2 H 20 . 






CO 2 

'CO 2 ... 

0.2727 

9.4357 



'BaCOs 

0.0608 

8.7839 

CaaCPOOs 

Mg2P207. 





CaS 

BaS 04 . . . 

CO 2 BaCOs 

0.2229 

9.3482 

CaS04 

BaS04. . . 


BaO 

0.2869 

9.4577 

CaS 04 . 2 H 20 CaO 


Ba(HC03)2. 

0.3395 

9.5309 

CaFa 

CaS04 

CaCOs 

0.4396 

9.6430 




Ca(HC03)2. 

0.5431 

9.7349 

Cb 

iCbsOs 


CaO 

0.7846 





CO 3 

0.7333 

9.8653 

Cd 

;CdO... 


CS 5 CO 3 

0.1351 

9.1307 


ICdS... 


FeCOa 

0.3798 

9.5796 


CdS04. 


Fe(HC03)2. 

0.4948 

9.6944 




K 2 CO 3 

0.3184 

9.5029 

CdO 

CdS... 


KHCO 3 .... 

0.4395 

9.6430 


Cd.... 



0.5956 1 

19.7749 


CdS04. 


LiHCOa. 

0.6476 

9.8113 




Factor 

0.5218 

0.6014 

1.091 

0.3828 

0,4973 

0,4151 

0.5238 

0.7098 

0.4580 

0.1647 

0.1907 

0.3005 

0.2980 

0.4198 

0.4251 

0.3509 

1.364 

;0.2743 

,0.3129 

,0.3612 

0.4005 

,0.5133 

10.7146 

'0.2944 

'0.9109 

'0.3838 

10.4378 

'0.5603 

0.7182 

0.3459 

>010.2224 

'0.4411 

:0.2773 

'0.5421 

'0.4667 

'0.4120 

'0.3257 

1.274 

1.393 

0.3091 

0.5832 

3.071 

0.5735 

10.6999 

'0.8754 

0.7780 

:0.5392 

0.8888 

1.142 

10.6159 



CHEMICAL FACTORS 


793 


CHEMICAL FACTORS - Continuci 


Sought 

Found 

Factor 


Sought Found 

1 Factor 

Log 

CdS 

Cd 

.. 1.2S53 

0.1090 

Cr 

PbCr04. 

;0.1(]09 

9.2067 


CdO 

.. 1.1252 

0.0512 


KoCiaw: 

‘ 0.3535 

9.54S4 


CdS04 

.. 0.6930 

9.8407 


K2Crb4. 

10.2678 

9.427S 

Ce 

ICe(N03)4... 

.. 0.3610 


CroOa 

BaCrOi. 

■0.3000 

9.4771 


CeoOs 

.. 0.8538 

9.9313 


PbCr 04 . 

:0.2352 

9.3715 


Ceba 

.. 0.8141 

9.9107 


CrOs... 

10.7602 

9.SS09 


Ce(S 04 ) 3 .,.. 

.. 0.4930 

9.6929 






— 


CrOa 

BaCr 04 . . 

0.3947 

9.5963 

CesOs 

CeOs 

.. 10.9536 

9.9794 


Cv,Oz.... 

L315S 

0.1192 



— 



PbCr04.. 

0.3095 

9.4907 

Cl 

Ag 

.. j0.32S7 

9.5168 


K2Cr04. . 

0.5150 

9.7118 


AgCl 

.. 0.2474 

9.3934 


K2Cr207. 

0.6S00 

9.S325 


AgNOa 

.. ;0.20S7 

9.3195 






HCl 

.. 0.9724 

9.9879 

CrO, 

BaCr04. 

0.4578 

9.6607 


I 

.. 0.2794 

9.4462 


'■roOs... 

1.5263 

0.1837 


KCl 

.. 0.4756 

9.6772 


PbCr 04 . 

0.35S9 

9.5550 


Mn02 

.. 0.8158 

9.9116 






NaCl 

.. 0.6066 

9.7829 

Cs 

:sCi. 

0.7893 

9.8973 


NH4CL.... 

.. 0.6628 

9.8214 


CS2O. 

0.9432 

9.9746 


RbCI 

.. 0.2933 

9.4673 


.c . 

0.8157 

9.9116 



.. (0.6823 



ySoS 04 . 

0.7344 

9.8659 

CIO3 

AgCl 

9.7651 



0.3945 

9.5960 


KCl 

.. 1.119 

0.0490 






NaCl 

.. 1.428 

0.1546 

CsoO 

:sci. 

0.8370 

0.9227 



.. (0.6939 




0.8650 

9.9370 

CIO4 

AgCI 

0.8413 



0.77S6 

9.8913 


KCl 

.. 1.334 

0.1251 



0.41S2 

9.6214 


NaCl 

.. 1.701 : 

0.2308 







.. 10.1943 


Cu 


0-SSS2 

9.9485 

CN 

|AgCN 

9.2884 



0.7989 1 

9.9025 


Ag 

.. 10.2411 : 

9.3822 



0.7986 ! 

9.9023 


KCN 

.. 0.3999 

9.6020 


;u;(cns)2. . 

0.5226 

19.7181 


NaCN 

.. 10.5313 : 

9.7253 


3uS04 

0.3982 

19.6001 


HCN 

. . 10.9627 ' 

9.9835 


JUSO4.0H2O. 

0.2546 I 

19.4058 

CNS 

AgCNS 

. . 0.3500 ' 

9.5440 

CuO 


1.252 

|0.0975 


Cu2(CNS)2. , 

. . 0.4774 . 

9.6789 



1.113 

|0.(3463 


BaSOi 

.. 0.2488 

9.3959 



10.9996 

9.9998 


KCNS 

.. 0.5974 

9.7765 



;0.6541 

9.8156 


NH4CNS. . . 

.. 0.7632 

9.8825 



10.4985 

9.6976 






^uS04.5H20., 

10.3186 

9.5032 

Co 

Co(N03)2.6H 

K3Co(N02)6. 

2 O 0.2026 

.. 0.1304 1 

9.3066 

9.1152 

EraOa 


1.145 1 

0.0589 


CoO 

.. 0.7866 

9.8957 

Er 


10.8732 I 

9.9411 


C03O4 

. . 0.7344 : 

9.8659 



I0.40S0 i 

9.6107 


C0SO4 

.. 0.3804 

9.5802 


BaSiFe . 


C 0 SO 4 . 7 H 20 . 

.. 0.2097 

9.3216 


laF... 

0.4866 i 

9.6872 






CaSb 4 . 

0.2791 ' 

9.4457 

CoO 

Co 

.. 1.2713 

0.1043 


HF.... 

0.9496 ; 

9.9776 

Co(N 03 ) 2 . 6 H 

0 0.2575 

9.4109 


H2SiF6. 

0.7913 ' 

9.8983 


K3Co(N02)6. 

.. 0.1657 

9.2194 


KoSiFe. 

0.5176 1 

9.7140 


C0304 

0.9336 : 

9.9702 


NaF... 

0.4524 1 

9.6555 


C0S04 

.. 0.4836 1 

9.6844 


SiF4... 

0.7302 1 

9.8634 


C0S04.7H20. 

.. 0.2667 ! 

9.4259 



0.6994 ! 

: 9.8447 





Fe 

FeoOs 

Cr 

BaCr 04 

... 0.2052 1 

9.3125 

EeCl. 

0.4405 

9.6440 

CrsOs 

... 0.6842 1 

9.8352 


FeCL. 6 HiO, 

0.2066 1 

9.3152 
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Sought 

Found 

Factor Log 

Sought 

Found 

Factor Log 

Fe 

Fe(HC03)2 

0.3140 9.4969 

HF 

F 

1.053 0.0224 


FeO 

0.7773 9.S90G 


KsSiF 6 

0.5449 9.7363 


Fe304 

0.7236 9.8595 





FeP04 

0.3701 9.56S3 

HI 

Ag 

1.186 0.0742 


FeS 

0.6352 9.8029 


Agl 

0.5448 9.7362 


FeS04 

0.3676 9.5654 


Pd 

2.398 0.3799 


FeS 04 . 7 HoO. . . . 

0.2009 9.3029 


Pdio 

0.7097 9.8510 


FeS04(NH4)2 






SO 4 . 6 H 0 O 

0.1424 9.1536 

HNO 2 

AgNOa 

0.3055 9.4850 





NO 

1 567 0 1950 

FeO 

Fe 

1.287 0.1094 





FeCOs 

0.6202 9.7925 

HNO 3 

KNO 3 

0.6233 9.7947 


Fe(HC03)2 

0.4039 9.6063 


N 

4.49S 0.6530 


FesOs 

0.S99S 9.9542 


NaNOs 

0.7413 9.8700 


FeP04 

0.4761 9.6777 


NH 3 

3.701 0.6683 


FeS 

0.8172 9.9123 


NH 4 CI 

1.178 0.0711 


FeS04 

0.4729 9.6747 


(NlDsPtCh.... 

0.2838 9.4530 


FeS04.7H20. . . . 

0.2584 9.4123 


NO 

2.100 0.3222 


FeS04(NH4)2 



NsOs 1 

1.658 0.2196 


SO 4 . 6 H 0 O 

0.1832 9.2630 


N 2 O 4 

1.370 0.1367 





N 0 O 5 ! 

1 167 0 0671 

Fe203 

Fe 

1.430 0.1553 


C 20 H 16 N 4 HNO 3 .. 

0.1680 9!2252 


FeCls 

0.4922 9.6922 


Pt 

0.6457 9.8100 


FeCOs 

0.6892 9.8383 





Fe304 

1.035 0.0149 

H 3 PO 4 

HPOs 

1.225 0.0881 


FePd4 

0.5292 9.7237 


H 4 P 2 O 7 

1.101 0.0457 


FeS 

0.9082 9.9582 


iVlgsPsO? 

0.8806 9.9448 


FeSa 

0.6655 9.8231 


P 

3.159 0.4995 


Fes ( 804)3 

0.3993 9.6013 


P 2 O 5 

1.380 0.1399 


(NH4)2S04.Fe2 






(S04}3.24H20 . 

0.1656 9.2190 

HaPtCle. 






6 H 0 O 

Pt 

2 654 0 4239 

FeSa 

B{i,S 04 

0.2570 9.4099 







HsS 


0 1 460 9 1644 

H 

H 2 O 

0.1119 9.0488 


CdS 

0.2360 9.3729 





FpR 

0 3877 9 5885 

H 3 BO 3 

B 2 O 3 

1.776 0.2495 

i 

s 

1.063 0.0265 

HBr 

Ag 

0.7501 9.8751 

HoSeOg 

Se ;.. 

1.632 0.2126 


AgBr 

0.4309 9.6344 







HoSiFe 

BaSiFe 

0.5157 9.7124 

HCl 

Ag 

0.3380 9.5290 


3CaFj 

0.6149 9.7888 


AgCl 

0.2544 9.4056 


F 

1.264 0.1018 


CaCOs 

0.7288 9.8626 


2 HF 

3.601 0.5564 


KCl 

0.4891 9.6894 


6 HF 

1.200 0.0792 


K 2 O 

0.7743 9,8889 


KsSiFe 

0.6541 9.8157 


NaCl 

0.6239 9.7951 


SiF4 

1.384 0.1412 


N’fl.oO 






NH 4 CI 

x*iiU U.UiUu 

0.6817 9.8335 

H 2 SO 4 

Al2(S04)3 

0.8594 9.9342 


Sna4 

0.5600 9.7480 


Ba(OH )2 

0.5719 9.7574 


NasCOs 

0.6881 9.8377 


,BaS04 

0.4200 9.6232 


methyl orange 



K2Al2(S04)4. 



Na2C204 



24 H 2 O 

0.4132 9.6162 


standardization 

0.5442 9.7358 


K 2 O 

1.041 0.0174 





KOH 

0.8736 9.9413 

HF 

BaSiFe 

0.4296 9.6331 


K 2 SO 4 

0.5625 9.7501 


CaF. 

0.5126 9.7098 


NaoCOs 

0.9252 9.9662 


CaS04 

0.2939 9.4682 


!Na2C204 

0.7318 9.8642 
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CHEMICAL FACTORS — Continued 


Sought 

Found 

HoSOi 

(NH 4 ),S 04 .... 

Hg 

Hg,CL 

HgCL. 

HgO... 

HgS. . . 

HCNS 

AgCNS..., 
Cn.iCm). 
BaS04 

HgjCL 

ISnClo 

HgCL 

HgjClj. 

HgS. . . 

HgO 

H&CL 

HgS 

Hg(CN)2. 

HgNOa... 

Hg(N 03)2 

HfcO 

HgO 

HgSO,.... 


Ag 

Agl 

KI 

Pd 

Pdls 

Ha^SjOa.SHjO. 
AgCl 

In 

InoOg 

11128$ . 

Ir 

1120$ 

K 

:kci 

K2O 

'K2SO4. . . 
KCIO4... 
KsPtClfi. 

Pt 

KOI 

Ag 

AgCl.... 

K2SO4... 

KCIO4. . . 
KsPtCle. 

Pt 

K2O 

KCl 

!K 2 S 04 . . . 
KCIO4... 
fesPtCle. 

Pt 


Factor Log Sought 


0.741S 

9.8703 

KCIO 3 

0.8498 19.9293 


0.7388 

'9.8686 

KCIO 4 

10.9261 

:9.9666 


10.8620 

9.9355 

KCN 

|0.3560 

9.5515 


i0.4S57 

19.6864 


|0.2o31 

19.4033 


2.486 

0.3956 

K 2 SO 4 

1.150 

0.0607 


1.167 

0.0671 


0.9176 

9.9627 


0.9210 

9.9643 

La 

0.8860 

9.9474 


0.7167 

9.8554 

Li 

1.115 

0.0474 


1.074 

0.0311 


0.7843 

9.8945 


1.177. 

0.0706 

LioO 

0.5406 

9.7328 


0.7645 

9.8834 


2.379 

0.3764 


0.7041 

9.8476 

Mg 

0.5113 

9.7087 


0.8855 

9.9472 


0.8271 

9.9176 


0.7047 

9.8480 


0.8894 

9.9491 

MgO 

0.5244 

9.7197 


0.8300 

9.9191 


0.4487 

9.6520 


0.2822 

9.4505 


0.1609 

9.2064 


0.4006 

9.6027 

Mn 

0.6911 

9.8396 


0.5202 

'.7162 


3.8557 

.9323 


3.5381 

9.7309 


3.3067 

3.7638 

9.4868 


.6317 

1.8005 

MnO 

,5405 

.7328 


.3399 

.5314 


.1938 

'.2873 


,4826 

.6836 



Found 

. Factor 

1 Log 

AgCl 

,|0.S.T)0 

9.9320 

KGl 

. 1.643S 

,0.2158 

AgCI 

10.9007 

19.9853 

KCl 

Jl.SoS 

;0.2691 

AgCX 

.\gXO 3 (Liebig 

0.4S63 

i 

j9.6S09 

method] 

!O.7605 

19.8845 

.4gCl 

|0.4o42 19.6573 

K 

'2.229 

10.3481 

KCL... 

1.169 

[0.0679 

K 2 O.... 

,1.850 

10.2672 

KoPtCifi. 

i0.35S5 

' 9.5545 

SO$ 

2.177 

0.3379 

BaS 04 . • ■ 

iO.7465 j9.S731 

La 203 

'0.S527 

;9.9308 

dCi... 

[0.1637 

[9.2140 

ioO... .: 

:0.4643 

9.6669 

d3P04. 

10.1797 

9.2545 

42804 . .j 

10.1262 19.1012 

dCL. 1 

0.3524 

[9.3470 

42804 ! 

0.271S 

9.4342 

4'»PO 

0.3S70 

19.5877 

MgO j0.6032 

9.7804 

MgS04 

0.2020 : 

9.3054 

MgoP.O: 0.2184 

IgS04 IO. 202 O 

9.3392 

9.3054 

ao'....' 1 

0 

8 

|S.9960 

O 4 .H 2 O iO.1565 

19.1945 

I0.3349 

19.5249 

g 2 X 2W7 

0.3621 

19.5588 

/IgCOs.... 

IgXH4P04 

0.4782 

9.6796 

6 H 20 . 

0.1642 

;9.2155 

igXHjPOi.ao 

0.2595 

9.4141 

InCOs. 

0.4779 

9.6793 

InO. . . 

0.7744 

9.8889 

_ 3 

0.6959 

9.8426 

Mn304 

0.7203 

9.8575 

MaSOi 

0.3638 

9.5608 

LnoPaOr 

0.3869 

9.5876 

1 

0.6314 

19.8003 


\InCO 3 10.6172 ;9.7904 

VIn304 0.9301 19.9685 

^4nS04. iO.4697 ;9.6719 

VInS iO.SloS 9.9113 

Mn-PsO,. 10.4998 
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CHEMICAL FACTORS - Continued 

Sought Found Factor Log Sought Found Factor Log 


Mo 

M0O3... . 

0.6667 

9.8239 


iMoSs.... 

0.4995 

9.6985 


MoSa.... 

0.5996 

9.7779 


PbMo 04 . 

0.2615 

9.4174 

M0O3 

M0S3 

0.7492 

9.8746 


(NH4)2Mo04. . . 
(NH4)3P04(Mo, 

,0.7344 

9.8659 


03)12 

0.9205 

9.9640 


PbMo04 

0.3923 

9.5936 

N 

HN03. 

0.2223 

9.3470 


NOa... 

0.3045 

9.4835 


N2O3... 

0.3686 

9.5665 


N2O4... 

0.3045 

9.4835 


N2O5. . . 

0.2594 

9.4140 


HaNOs. 

0.1648 

9.2169 


NH3... 

0.8225 

9.9151 


Pt 

0.1435 

9.1570 


NH4CL 

0.2619 

9.4181 

Na 

NaCL... 

0.3934 

9.5949 


Na 2 S 04 . . 

0.3238 

9.5103 


NaBr. . . 

'0.2235 

9.3493 


NasCOs.. 

10.4340 

9.6375 


NaF 

iO.5476 

9.7385 


NaHCOa 

10.2738 

9.4374 


Nal 

,0.1534 

9.1858 


NaaO 

0.7419 

9.8704 


NaOH... 

IO. 575 O 

9.7597 


Na 2 S 04 . . 

[0.3238 

9.5103 

NaaBiO? 

B3O3. . 

1.443 

0.1593 


H3BO3. 

[0.8142 

9.9107 

2B4 

HaO 

B3O3. . 

2.738 

0.4375 


iHjBOs 

1.540 

0.1872 


Ikbf. . 

0.7577 

9.8795 

NaBr 

Ag... 

0.9539 

9.9795 


AgBr. 

0.5480 

9.7388 

NaCl 

Ag 

0.5418 

9.7338 


AgCl 

0.4078 

9.6105 


AgNOg. 

0.3441 

9.5367 


NaaO. . . 

1.886 0.2756 

NaF 

CaFa 

1.076 [0.0317 

NaaHAsOs 

1.095 0.0395 
[0.6697 9.8259 

HaaHAsO^ 


1.198 [0.0785 
0.7328 9.8650 

KaHCOa 

[COj 

1.909 [0.2808 


NaHCOs 

KHC 4 H 4 O 6 . 

0.4465 

9.6498 

NagO 

NaCL... 

0.5303 

9.7245 


Na2S04. . 

0.4364 

9.6399 


NaaCOs. . 

0.5849 

9.7671 


NaHCOs 

0.3690 

9.5670 


4 

0.4365 

.9.6400 


NaH2P04. . 

0.2582 

9.4119 


NaaHaPaO?. 

0.2792 

9.4459 


NaHSOs. . . 

0.2979 

9.474i 


NaNOs.... 

0.3647 

19.5619 


NaOH 

0.7748 

9.8891 


Na2S04.... 

0.4364 

9.6399 

NaaSOa 

BaS04. 

0.5401 

9.7325 

NaoSaOs 

BaS04 

0.3387 

9.5298 


NasSjOs.OHjO. 

0.6371 

9.8042 

Na2S04 

BaS04. 

0.6086 

9.7843 

Nd 

NdsOs 

[0.8572 

9.9332 

NH 3 

HNO 3 . 

[0.2704 

9.4320 


H 2 SO 4 . 

IO .3473 

9.5407 


N 

1.216 

[0.0849 



0.2468 

19.3923 


3 

0.2005 

9.3021 


,NH4C1 

0.3184 

9.5029 


(NH4)2HP04. . . 

0.2578 

9.4113 


(NH4)H2P04. . . 

0.1480 

9.1703 


(NH4)0H 

0.4860 



(NH4)2PtCl6. . . 

0.07670 8.8848 


(NH4)2S04 

0.2578 

9.4113 


NA 

0.3153 

9.4987 


Pt 

0.1745 

;9.2418 

NH 4 

NH 3 

1.059 

[0.0250 


NH 4 CI 

0.3372 

'9.5279 


(NH4)2PtCl6. . . 

0.08125 8.9099 


Pt 

0.1848 

'9.2668 

NH 4 CI 

AgCl. 

0.3732 

9.5719 


NHs.. 

3.141 

0.4971 


( 

0.2410 

1.3820 


Pt. 

0.5482 

9.7389 

(NH4)2S04 

BaS 04 . 1 

0.5661 

9.7529 

Ni 

NiO 0.7858 

9.8953 


NiC8Hi4N404..., 1 

9.2032 

9,3079 


NiSOi 0.3792 

9.5788 


,Ni(N0s)2.6H20 0.2018 

0.3049 


[Ni2S04.7Hs0... 0.2089 

9.3200 

NO 3 

NO. ; 

2.066 

0.3152 


NH 3 : 

1.640 

0.5612 
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CHEMICAL FACTORS — ContwMii 


Sought 

Found 

Factor 

Log 

Sought 

Pound 

NOj 

NH 4 CI 

1.159 

0.0641 

PbS 

PbO... 


(NH4)2PtCl6 

0.2793 

9.4461 


BaS04. 


Pt 

0.6354 

9.8030 




C 20 H 17 NOO 3 . , 

0.1653 

9.2182 

PbS04 

BaS04. 

NjOs 

NO 

1.800 

0.2552 


3 H 2 O.... 


NH 3 

3.171 

0.5012 


(PbC03)2. 


NH 4 CI 

1.010 

0.0041 


Pb[OH)2 


(NHOoPtCle. 

0.2433 

9.3861 




Pt 

0.5534 

9.7430 

Rb 

AgCI 


CsoHnNsO,. . 

0.1440 

9.1582 


Cl 






RbCI 

NOj 

NO. 

1.533 

0.1856 


RboCOs... 






RboO 

N 2 O 3 

NO. 

1.267 

0.1026 


Rb2S04... 






RboPtCb. 

Os 

OSO 4 . 

0.7489 

9.8744 







RboO 

RbCl... 


MgsPoO: 

0.2787 

9.4452 


Rb2S04. 


P 2 O 5 . 24 M 0 O 3 .... 

0.0173 

8.2368 




(NHOsPO,. 



RbCl 

Rb2PtGl6. 


I 2 M 0 O 3 

0.0165 

8.2184 




P 2 O 5 

0.4369 

9.6404 


iBaS04. 


MgNH4P04.H20 0.1996 

9.3003 


HoS... 


MgNH4P04. 




:H2S04 


6 H 20 

0.1262 9.1018 


FeS... 






FeSs... 

PO 4 

Mg2P207 

0.8535 

9.9312 


NaoS 


P.OS. 24 M 0 O 3 .... 

0.05283 

8.7229 




(NH4)3P04. 



SO 2 

BaS04. 


I 2 M 0 O 3 

0.05063 

8.7044 


S 

P 2 O 5 

|Mg2P207 

0.6379 

9.8048 

SO 3 



IPA. 24 M 0 O 3 .... 

0.03947 

8.5963 


CaSOi 


(NH4)3P04. 




21-3 V/4 


1 I 2 M 0 O 3 

0.03785 

8.5780 


1 ^ 2804 . . 


MgNH4P04.H20 ,0.4571 

9.6600 


Na2S04- 


iV[gNH4P04. 






‘ 6 H 2 O 

0.2894 

9.4615 

SO 4 

BaS04- 

Pb 

PbO . . . . 

0.9283 

9.9677 

Sb 



PbOs.... 

0.8662 

9.9376 


1 


PbS 

0.8659 

9.9375 


SbClc . 


PbS04. . . 

0.6831 

9.8345 


SboOs. 


PbCrOi.. 

0.6410 



Sb205. 


iPbCL... 

0.7449 

9.8721 


Sb204. 


PbMo 04 . 

0.5642 

9.7515 


Sb2S3 

PbC 

PbOs 

0.9331 

9.9699 




PbS 

0.9328 

9.9698 

SbaOa 

Sb204- 


PbS04- . . . 

0.7359 

9.8668 


SbsSs . 


PbCr 04 ... 

0.6905 

9.8392 


;Sb2S5 . 


PbCls 

0.8025 

9.9044 




PbCOs. . . 

0.8353 

9 9219 

SeOa 

Se. 


!Pb(N03)2. 

0.6738 

P.8285 

Se03 

Se. 

PbS 

iPbS04. 

0.7889 

9.8970 

Si 

!Si02. 


Pb.... 

1.155 

10.0626 


SiOs- 


: Factor 

Log 

4.072 

'(1.0302 

1.025 

,0.0109 

1.299 

;0.1137 

' 0.7995 

^9.9028 

j 

1.173 

'0,0093 

|0.590i 

!9.77o3 

2.410 

'0.3S20 

!0.7067 

O.S492 

0.7402 

9.S093 

0.9144 

.9.9011 

0.6403 

9.8064 

0.2952 

19.4701 

0.7729 

■g.sssi 

0.7001 

!9.S452 

0.417S 

,9.6209 

0.1374 

!9.1379 

0.940S 

9.9735 

0.3270 

9.5145 

0.364S 

.5621 

0.5346 

9.7280 

0.4i0S 

,9.0136 

0.2745 

:9.43S5 

1.998 

0.3007 

0.3430 

9.5353 

0.5881 

9.7695 

0.8163 

9,9119 

0.4595 

9.6623 

0.5636 

19.7510 

0.4115 

19.6144 

0.3648 

|9.5620 

0.5339 

:9.7275 

0.8356 

9.9220 

0.7528 

9.8767 

0.7921 

9.8988 

0.7169 

9.8555 

0.6030 

9.7803 

0.9479 

9.9768 

0.8580 

9.9335 

0.7218 

9.8584 

1.405 

0.1474 

1.606 

0,2058 

0.4672 

9.6695 

0.3689 

9.5669 
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CHEMICAL FACTORS - Concluded 


Sought 

Found 

Factor 

Log 

Sought 

Found 

Factor 

Log 

Si 

Si04 

0.304S 

9.4840 

Tl 

TloCOs 

Til 

0.8720 

0.6169 

0.7672 

0.9623 

,0.7789 

0.8097 

0.6780 

9.9405 

9.7902 

9.8849 

;9.9833 

9.8915 

9.9083 

9.8312 

Si03 

SiOo 

1,266 

0.1025 

TINO 3 

TI 0 O 

SiO^ 

SiOs 

1.532 

0.1854 

Ti;Cr04 

TI 2 SO 4 

TIHSO 4 

Sn 

SnOo 

ftnO 

0.7877 

0.S812 

0.6261 

0.5260 

9.8963 

9.9451 

9.7967 

9.7210 

SnCla 

SnCUHoO 

TloO 

TloPtCb 

0.5200 

9.7161 

U 

UsOs 

UOo 

(U02)2P207 

0.8480 

0.SS15 

0.6667 

9.9284 

9.9452 

9.8240 

Sr 

i 

■ 

SrO 

SrCOa 

0.8456 

0.5936 

0.4770 

0.4140 

9.9272 

9.7735 

9.6/85 

9.6170 

Sr(N 03)2 

V 

V.O 5 

V 2 O 4 

0.5602 

0.6142 

9-7483 

9.7883 

SrO 

SrP.n. 

0.7020 

0.5641 

0.4896 

9.8463 

9.7514 

9.6899 

SrS04 

Sr(N03)2 

w 

WO 3 

PbW04 

0.7931 

0.4435 

9.8993 

9.6469 

Ta 

Tads 

0.5057 

j0.8194 

9.7039 

9.9135 

Y 



0.7875 

9.8962 


Yb 

YboOa 

0.8785 

9.9437 

Te 

TaO^ 

0.7994 

0.7265 

9.9027 

9.8612 

Teo; 

Zn 

ZnO 

ZnNH4P04 

ZnjPzO? 

ZnS 

0.8034 

0.3663 

0.4290 

0.6710 

9.9049 

9.5639 

9.6324 

9.8267 

Th 

ThOj 

Th(N03)4.6H20. 

ThPli 

0.8788 

0.3947 

0.6207 

9.9439 

9.5962 

9.7929 


ZnO 

ZnS 

ZnNH4P04 

ZnoPoO? 

0.8352 

0.4561 

0.5340 

9.9218 

9.6590 

9.7275 

ThOa 

Th(N03)4.6H20 

0.4490 

9,6523 

Ti 

Ti02 \ . 

X 

0.5996 

9.7778 

Zr 

ZrOo 

0.7403 

9.8694 

T1 

TlCl > 

<5^522 

9.9305 
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LOGARITHMS 


II 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 


Proportional Parts 






1 

2 

3 

4 

5 

6 

7 

8 

10 

oooc 

004c 

00S( 

012S 

017C 

0212 

0253 

0294 

0334 

0374 

4 

8 

i: 

r 

2 

2. 

2 

33 

11 

041^ 

045c 

0492 

0531 

0569 

0607 

0645 

C6S2 

,,0719 

0755 

4 

8 

1] 

1£ 

If 

2C 

21 

2 

30 

1.2 

079^ 

082^ 

086^ 

0899 

0934 

096g 

1004 

103S 

1072 

1106 

a 

7 

1C 

. 14 

r 

2^ 


13 

113£ 

1172 

me 

1239 

,1271 

1303 

1335 

1367 

1399 

1430 

r 

6 

K 

IS 

1C 

It 

2. 

26 

14 

146J 

1492 

1522 

1553 

1584 

r-- 

1614 

1644 

1673 

1703 

1732 

3 

6 


12 

1£ 

1£ 

■ 2 

24 

15 

1761 

179C 

ISIS 

1847 

1876 

1903 

1931 

1959 

1987 

2014 

3 

6 

S 

11 

14 

17 

2C 

22 

16 

204] 

2062 

2095 

2122 

2148 

2175 

2201 

2227 

2253 

2279 

3 

5 

6 

11 

13 

16 

1? 

21 

17 

230^ 

233C 

2355 

2380 

2405 

2430 

2455 

2480 

2504 

2529 

2 

5 

7 

1C 


“■•13 

I" 

20 

18 

255c 

2577 

2601 

2625 

2648 

2672 

2695 

2718 

2742 

2765 

2 

5 

7 

s 

12 

14 

1C 

19 

19 

278^ 

281C 

2833 

2856 

2878 

2900 

2923 

2945 

2967 

2989 

2 

4 

7 

9 

11 

13 

16 

IS 

20 

301C 

3032 

3054 

3075 

3096 

3118 

3139 

3160 

3181 

3201 

2 

4 

6 

8 

11 

13 

15 

17 

21 

322S 

3243 

3263 

3284 

3304 

3324 

3345 

3365 

3385 

3404 

2 

4 

C 

8 

10 

12 

14 

16 

22 

342^ 

3444 

3464 

3483 

3502 

3522 

3541 

3560 

3579 

359? 

2 

4 

6 

8 

10 

12 

14 

15 

23 

361'? 

363( 

3655 

3674 

3692 

3711 

3729 

3747 

3766 

3784 

2 

4 

6 

7 

9 

11 

13 

15 

24 

3805 

3820 

33oS 

3S5G 

3874 

3892 

3909 

3927 

3945 

3962 

2 

4 

,5 

7 

9 

11 

12 

14 

25 

397C 

3997 

4014 

4031 

4048 

4065 

4082 

4099 

4116 

4133 

2 

3 

5 

7 

. 9 

10 

12 

14 

26 

415C 

4166 

4183 

4200 

4216 

4232 

4249 

4265 

4281 

4298 

2 

3 

5 

7 

8 

10 

11 

13 

27 

431^ 

4330 

4346 

4362 

4378 

4393 

4409 

4425 

4440 

4456 

2 

3 

5 

6 

8 

9 

11 

13 

28 

4472 

4487 

4502 

4518 

4533 

4548 

4564 

4579 

4504 

4609 

2 

3 

5 

0 

8 

9 

11 

12 

29 

4624 

4639 

4654 

4669 

4683 

4698 

4713 

4728 

4742 

4757 

1 

3 

4 

0 

7 

9 

10 

12 

30 

4771 

4786 

4800 

4814 

4829 

4843 

4857 
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metals of Group III 228 

molybdenum 276 

selenium and tellurium 271 

tin 246 

vanadium 292 

volumetric determination in ores 627, 674, 676 

Arsenical sulfides, determination of nickel and cobalt in 163 

Arsenious acid anhydride, analysis.of 627 

as standard in iodometry 603 

purification of 604 

titration of hjrpochlorous acid with 649 

Asbestos filters 35 

Ascarite 345, 362 

Assay for gold and silver 251 

Assay ton 258 

Aurintricarboxylic acid 98 

Atomic weight table Back cover 

Available chlorine in bleaching powder 615, 649 

hme in quicklime and hydrated lime 515 

sulfur in pyrite 333 

Avoirdupois weights 785 

Azolitmin 492 

Azotometer 382, 383 

B 

Babo flanged joint 621 

Balance, accuracy of 1 

arms, ratio of lengths 11 

chainomatic 5, 6 

parts 2 

precautions in use of 4 

riders for 5 

sensitiveness of 3, 7, 9 

Baking powders, determination of carbonic acid in 343 

Barium 88 

detection in calcium precipitates 434 

determination in silicates and rocks 435 

separation from calcium and strontium 93 

magnesium 93 

phosphoric acid 399 

metals of Group III 113, 153 

Group II 200 

strontium 94 

volumetric determination 514 

I carbonate method 156 

chromate reagent ^ 662 

hydroxide, tenth-normal solution of 507 
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Barium peroxide, titration of 

sulfate, errors in precipitation of 

separation from PbS04 and Si02 

Bases, ionization constant of 

standardization of 

Basic acetate method 

Baume and specific gravity tables 

Bearing metal, analysis of 

Bell jar for filtering with suction 

Benzene, determination in gas mixtures 

heat of combustion of 

separation from ethylene 

Benzidine hydrochloride, reagent 

Benzoic acid for standardization of bases 

Beryllium, precipitation with tannin 

separation from titanium, tantalum and columbium 

uranium . 

Bicarbonates, in presence of carbonates 

Bichromate, determination of chromium in 

Bismarck brown 

Bismuth 

determination in bearing metal 

ores 

electrolytic determination 

separation from arsenic, antimony, and tin 

copper and cadmium 

lead 

mercury 

metals of Groups III, IV, and V 

molybdenum 

selenium and tellurium 

Bismuthate method for determining manganese 

Bitter almond water 

Blank analyses 

Bleaching powder, analysis of 

Blick, the 

Blood, gases from defibrinated 

Boats for combustions 

Borates, analysis of 

Borax, analysis of 

Boric acid 

as a flux 

determination in mineral waters 

presence of fluorine 

silicates and enamels 

volumetric determination of 

Brass, analysis of 

cone for crucibles on the water bath 

spiral for evaporating in crucible 

Bromine, determination in bromine water • • • 
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Bromine, determination in mineral waters . . . 

non-electrolytes. . 
soluble bromides . . 

gravimetric determination of 

separation from chlorine 

chlorine and iodine 
hydrocyanic acid . . 

iodine 

thiocyanic acid . . . 

volumetric determination 

Bromocresol purple 

Bromophenol blue 

Bromothymol blue 

Bronze, analysis of 

determination of phosphorus in 

Bumping during evaporation 

Bunsen burner 

valve 

Bunte apparatus 

Buoyancy of air 

Burets 

calibration of 

draining of 

for weighing solutions 

reading of 

Burners 
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99, 548, 553, 566, 572, 574, 629 
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465 
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466 
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C 

Cadmium 197 

colorimetric determination 197 

determination in alloys and in ores 228 

electrolytic determination 197 

precipitation as sulfide 198 

separation from arsenic, antimony, and tin 228 

copper 207 

lead 207 

mercury 204 

metals of Groups III, IV; and V 200 

molybdenum 276 

selenium and tellurium 270 

Calcium 85 

chloride, presence of free lime in 342 

^ determination in limestone. 91 

silicates 434, 441 

oxalate, occlusion of magnesium oxalate by 90 

solubility of 86 

phosphate, determination of phosphoric acid in 663 

solution of 663 

precipitates, testing for barium in 434 

separation from barium and strontium 93 
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Calcium, separation from magnesium and alkalies. 

metals of Group III 

Group II 

phosphoric acid 

volumetric estimation 

Calculating analyses, tables for 

Calibrated flasks, testing of 

Calibration of burets 
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113, 15.3 
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515, 5tj 


gas-measuring instruments. 

pipets 

weights . 

Capacity, units of 

Carbon, determination in iron and steel . 


46S 

465 

468 


467 
15, 18 
784 

361, 367, 372, 374 


nitrogenous organic substances 379 

organic substances 375 

dioxide, behavior toward methyl orange and phenolphthalein 488, 491, 510 

determination 341, 345. 350, 634, 693, 719, 726,’ 737 

presence of alkali sulfite and thiosulfate 360 

chlorine 360 

sulfides 345 

white lead 347 

ii^air 360,534 

occurrence in iron and steel 361 

Carbonates, in presence of bicarbonate 512, 534 

hydroxide 512,514 

Carbonic acid (see also Carbon dioxide) 34I 

combined, calculation of 682 

determination in air 360, 534 

baking pow'ders 343 

carbonates 341, 345, 350, 533, 693 

free, calculation of 683 

determination of 533 

in chlorine 360, 738 

illuminating gas 719, 726 

mineral waters 348, 357, 682 

presence of bicarbonate 534 

cyanic and hydrocyanic acids 338 

N2O, NO,andN 737 

Carbon monoxide, absorption coefficient for water 706 

combustion in presence of nitric oxide 735 

determination of 707, 709, 721, 727 

heat of combustion of : 777 

preparation of - ■ * 705 

qualitative detection in air 710 

Carbon and sodium peroxide fusion method 

Carbonyl sulfide 694 

preparation of 

Carius tubes o t ^ 

Cathodes, cleaning of . . ^ 
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Cations, calculation of those present in water 683 

gravimetric determination of 55 

Cement, analysis of 438 

Cementite 361 

Ceric oxide, iodometric titration of 612 

Ceric sulfate method , 642 

Cerium, determination in soluble salts 752 

separation from thorium 452, 453 

zirconium 127 

Cesium 59, 71 

Charcoal, testing the reducing power of 257 

Check results 56 

Chemical factors 79 1-7 98 

Chlorates, analysis of 408, 615 

Chloric acid, gravimetric determination 408 

in the presence of perchloric acid and hydrochloric acids 410 

reduction of 408 

volumetric determination of 574 

Chloride of lime, analysis of 360, 615 

determination of carbon dioxide in 360 

reagent 595 

Chlorine, available 615 

free, determination by titration 738 

gas, examination of 738 

gas, pure 372 

gravimetric determination 300, 303 

in aqueous solutions 300 

commercial tin chloride 300, 519 

insoluble chlorides 302 

minerals 302 

organic substances 303 

separation from bromine 310 

carbon dioxide 360 

chlorate and perchlorate 410 

cyanogen 314, 658 

fluorine 425 

hypochlorous acid 605 

iodine 308,311 

iodine and bromine 311 

thiocyanic acid 316, 608 

volumetric determination 603, 604 

water, determination of chlorine in 605 

preparation and standardization of 608 

Chloroplatinates, conversion of chlorides into 59, 61 

Chromates, gravimetric analysis of . 110 

volumetric analysis of 620, 654, 656 

Chrome iron ore 451, 591, 593, 619 

-sulfuric acid method of combustion 367 

-tungsten steel, determination of tungsten in 282 

Chromic acid. See Chromates. 


compounds 


109 
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451 , 591 , 593 , 019 
- . . 577 , 578 , 5 ^ 
294 


113 

US 

155 


determination in chromite 

iron and steel 

iron ores and rocks 

separation from alkaline earths and magnesium . 

aluminum 

on 

nickel, cobalt, manganese and zinc 

volumetric determination of 577, 578, 580, 593, 619, G20 

Chromophor 

Cinchonine hydrochloride, reagent for tungsten 2^ 283 

Clay, soluble silicic acid in ’ 

Closet, drying 35^3^ 

Coal, determination of sulfur in 33^ 

Cobalt 

determination in arsenical sulfide ores 163 

electrolytic determination I45 

separation from alkaline earths and magnesium 153 

manganese 168 

metals of Group III I55, 160 

Group II 228 

nickel 168-170 

phosphoric acids 399 

zinc 165 

Cobaltinitrite method for determining potassium 67 

Coil for heating crucibles by steam 45, 47 

Collection and confinement of gases 678 

Colloidal palladium, use of 713 

Colloids, protective 713 

Columbite, analysis of 458 

Columbium, precipitation by tannin 176 

separation from aluminum, zirconium, thorium, uranium and 

beryllium 177 

tantalum 178 

titanium 178 

Combustion (elementary analysis) - 375 

boats 362 

furnace 361, 376 

of organic substances containmg halogen 381 

metal - 3^ 

nitrogen 379 

sulfur 381 


heats of . 


777 

iuSe^:v;.. 361,377,382 

707 


Composition, 


by explosion 

(a) method of. Drehschmidt 

(t) by method of Winkler-Dennis 

(c) fractional 

influenced hV fine grinding . , ; 


/U5, 

.. 709 
.. 7 ^ 
.. 709 

.. m 
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Computatioiij rules for 23, 786 

Computations in volumetric analysis 480, 788 

Cone for holding crucible on water bath 41, 46 

Coning and mixing 52 

Copper' 191 

analysis of, for selenium, and tellurium 273 

determination in bearing metal 243 

brass 200, 201 

bronze 231 

iron and steel 203 

ores 617,625,667 

electrolytic determination 195 

precipitation by cupferron 162 

separation from arsenic, antimony and tin 228, 229 

bismuth 205 

cadmium 207 

lead 206,207 

mercury 204 

molybdenum 276 

metals of Groups III, IV and V 200 

selenium and tellurium 270 

volumetric determination 617, 625, 667 

Creeping, during evaporation 45 

Cresolphthalein 485 

Cresol red 485 

Crucible, Gooch 35, 36 

Munroe 37 

Rose 193 

Crushing the sample 52 

Crystals, size of 49 

Cupellation 252 

Cupferron, use in quantitative analysis ; . . . 112, 161 

Cutting or dividing the sample 53 

Cyanic acid 338 

in the presence of carbonic and hydrocyanic acids 338 

Cyanide method for titrating copper 667 

nickel : 664 

Cyanogen, determination in mercuric cyanide 314 

presence of ferrocyanide 659 

gravimetric determination of 313 

in the presence of chlorine and thiocyanogen 659 

halogens 314,658 

thiocyanogen 316, 659 

volumetric determination 657 

Defibrinated blood, gases from 685 

Density basis, conversion of 767 

of acetic acid 780 

ammonia solutions 773 
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Density of dry air 

hydrochloric acid solutions 

nitric acid 

phosphoric acid solutions 

potassium hydroxide solutions 

sodium hydroxide solutions 

sulfuric acid 

water 

tables 

Desiccator 

Deviation of the mean 

Dichromate, determination of chromium in 

methods 

Digit, defined 

Dimethylglyoxime, reagent 

Diphenylamine indicator 

sulfonic acid 

Diphenylendoanilohydro triazole 

Distilled water 

Distribution coefficient 

Dividing or cutting the sample 

Dolomite, determination of calcium and magnesium in 

Double weighing 

Dowson gas, heat of combustion of 

Drying apparatus 

by grinding 

of precipitates 

substances in currents of gases 

ovens 

Dualistic theory 


PA 

^ 12, 14 
774, 77o 
774, 775 
. . 77y 
.. 772 


76S, 770, 771 
. . . . 402, 757 

. . . . 750-770 

35 

22 

112 

m 

23 

140 

.... 587,589 
587, 589, 643 

401 

43 

... 607, 608 

53 

91 

11 

777 

35, 37, 38, 46 

51 

31 

46 

37, 38,46, 218 
57 


E 

Electric ovens 35, 37 

Electrochemical theory of oxidation-reduction 537 

Electrode, hydrogen 482,497 

potentials 482, 496, 543 

Electrodes 141 

cleaning of 143, 153, 189, 223 

Electrolytic determination of antimony 222 

arsenic 212,214 

bismuth 191 

cadmium 197 

cobalt 14^ 

copper 195, 201 

lead 18S,^1 

mercury • 1^ 

nickel 1^19, 143 

silver 298 
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Electrolytic outfit 140, 142, 188 

Hectronic equations 543, 546, 581 

Elementary, analysis 375 

End points, pH at the 496 

Equivalent weights 101, 473 

Etching samples of steel 53 

Ethylene, determination of 697, 745 

separation from acetylene 747 

benzene 701,747 

Evaporation cone 45, 46 

funnel 44 

of liquids 44 

spiral 45, 47 

Explosion pipet 708, 728 

Equations of oxidation-reduction 543, 546, 581 

F 

Factors, chemical 786, 79 1-798 

Factor weights 481, 508, 786 

Ferric alum solution for phosphorus determinations 577 

use as an indicator 652 

chloride, dissolved by ether 172 

solution for dissolving iron 557 

standard solution of 645 

volatilization of 372 

compounds, analysis of 99, 103 

iron, volumetric determination of 624, 645, 647 

salts, reduction by hydrogen sulfide 103, 115, 553 

metals 553 

stannous chloride 555 

sulfurous acid 553 

Ferricyanic acid, gravimetric estimation of 317 

volumetric estimation of 573, 640 

Ferrocyanide in the presence of cyanide 659 

Ferrocyanic acid, gravimetric estimation 316 

volumetric estimation 573, 640 

Ferro-manganese, determination of manganese in 163 

-titanium, determination of titanium in 126 

Ferrous and ferric iron, determination by the titanium method 648 

iron in silicates , 446 

volumetric determination of 101, 446, 552, 586 

sulfate reagent 568, 587 

Ferrum reductum, analysis of 556 

Filter paper pulp 98 

Filters of asbestos 35, 36 

paper 28 

methods of folding 28 

plaited or fluted 29 

size of 26 

Filtration and washing precipitates 24 
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Fine grinding, influence on composition 

Finkener tower 

Flasks, calibration of 

Fluid measure, units of 

Fluorine, determination as calcium fluoride 

fluosilicic acid 

silicon fluoride 

in calcium fluoride 

lepidolite \ _ 

mineral waters 

presence of phosphoric acid 

separation from acids 

metals 

Fluosilicic acid 

Formaldehyde (formalin), volumetric determinatiola of 

Formic acid, volumetric determination of 

Fractional combustion of gases 

Fuming acids, analysis of 

Fuming sulfuric acid 

Funnel for evaporation ; 

Funnels, rapid and slow 
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. . 46 
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.. 785 
. . 4i6 
.. 421 
420, 752 
.. 417 
.. 446 
.. 423 
418,425 
.. 425 
.. 424 
426, 524 
.. 639 
.. 569 
.. 709 
.. 521 
522 
44 

.. 29 


G 

Gallium, determination of 

Gas analysis 

exact 

technical 

-combustion pipet 

measuring instruments, calibration of , . 

pipets 

-volumetric methods 

Gases, analysis by absorption and titration . . 

collection and confinement of 

heats of combustion of 

transference of 

Gauze platinum electrodes 

Gels, absorption by 

Generator gas, analysis of 

heat of combustion of 

Glassware, action of reagents on 

Glucinum, separation from uranium 

Gold 

determination in ores 

solutions 

orange indicator 

precipitation by hydrogen peroxide 

separation from platinum 

selenium and tellurium 

silver 

Gooch crucible 
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777 
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251 
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Gram-equivalent, definition of 473 

Gram-molecular volume 785 

Graphite in cast iron 361, 367 

Gravimetric analysis, methods of 55 

Grinder, mechanical for ores 52, 432 

Grinding, effect on composition 50 

H 

Hafnium, precipitation by tannin 175 

Halogens, determination by indirect analysis 310 

gravimetric determination in presence of cyanide 314 

separation from cyanide and thiocyanide 316 

hydrofluoric acid 425 

one another 308 

"Hardness of water 516, 517 

Heats of combustion of gases 777 

Helianthin 486 

Hematite, determination of iron in 645 

Hood ^ . 45, 46 

Hydriodic acid 307 

separation from hydrobromic and hydrochloric acids 308, 311 

hydrocyanic acid 314 

thiocyanic acid 316 

volumetric determination 657 

Hydrobromic acid 307 

determination in mineral waters 609 

separation from hydrochloric acid 310, 312 

and hydriodic acids 311 

hydrocyanic acid 314 

" thiocyanic acid 316 

volumetric estimation 608, 609 

Hydrocarbons, heavy 697,719,726 

separation of 701 

Hydrochloric acid 300 

constant boiling 502 

density of solution 770, 771 

gas, determination of 742 

normal solution of 502 

separation from chloric and perchloric acid 410 

hydriodic acid 308, 309, 311 

hydrobromic acid 310 

hydrocyanic acid 314, 658 

and thiocyanic acids 659 

hydrogen sulfide 307 

thiocyanic acid 316,659 

volumetric determination 518, 654, 656 

Hydrocyanic acid 313 

determination in bitter almond water , 313 

mercuric cyanide ^ 314 

separation from cyanic and carbonic acids 338 
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Hydrocyanic acid, separation from halogen hydride 314, 

hydrochloric and thiocyanic acids 316, 659 

thiocyanic acid 316^ 659 

volumetric determination of 657 

Hydroferricyanic acid (see Ferricyanic acid) 317, 573, 640 

Hydroferrocyanic acid (see Ferrocyanic acid) 316, 573, 640 

Hydrofluoric acid 416 

determination as calcium fluoride 416 

fluosilicic acid 421 

siHcon fluoride 420 

in calcium fluoride 417 

lepidolite 446 

mineral waters. . 423 

separation from boric acid 425 

hydrochloric acid 425 

metals 424 

phosphoric acid , 418, 425 

volumetric determination • 


Hydrogen 


Hydrofluosilicic acid (see Fluosilicic acid) 

determination as calcium fluoride 426 

potassium fluosilicate 426 

volumetric determination 

712 

absorption coefficient for water -I- 

determination in illuminating gas 

nitrogenous organic substances 5^9 

organic substances 

electrode 

exponent 

heat of combustion 

in silicates 

peroxide, for standardizing permanganate 

iodometric titration 

methods 

titration by permanganate 

titanous chloride 


. . 37o 

4S2, 467 
482, 498 
... 777 
454 ■ 

751 


sulfide . 


751 

570 

648 

743 

326 


colorimetric determination 

expulsion from insoluble sulfides ’ 

evolution and absorption 

determination in gas mixtures 

mineral waters ^’390 

gravimetric determination 

titration of * • , 534 

separation from alkali hydrosulfide 

thiosulfate 

Hydrolysis of salt solutions • • • • A^l, 634 

Hydrosulfide, determination with - and sulfide • g 

Hydrosulfuric acid (see Hydrogen sulfide) 
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Hydroxylamine 523, 573 

S-Hydroxyquinoline 82, 98 

Hypochlorous acid 317, 615, 649 

determination in the presence of chlorine 605 

Hypophosphorous acid 338 

separation from phosphorous acid 340 

Hyposulfit e of sodium “ 704 


I 

Igniting precipitates, method of 31, 38 

Illuminants, determination of 719, 726 

Illuminating gas, analysis of • 717, 724, 746 

heat of combustion of 777 

Indicators 484 

choice of 493 

Indirect gravimetric analyses 59, 60 

determination of halogens by 310 

SO3 content of fuming sulfuric 

acid 521 

Inquartation 252 

Insecticides, determination of arsenic in 673, 676 

International atomic weights Back cover 

lodates, analysis of 615 

as volumetric standards 602 

Iodic acid and iodates 389, 615 

determination in the presence of periodates 616 

Iodides, analysis of (see Iodine) 617 

Iodine, determination by gravimetric methods 307 

in mineral waters 609 

non-electrolytes jj. 303, 306 

free, titration of 604 

preparation of pure 600 

separation from bromine and chlorine 311 

chlorine 308 

thiocyanic acid 316 

solution, standardization of 603 

volumetric determination 606,657 

lodometry 595 

lodo-starch reaction, sensitiveness of 598 

Ionic equations of oxidation-reduction 543, 546,. 581 

Ionization constants of acids 483, 494 

Iridium alloyed with platinum 40 

Iron (see also Steel) 99 

determination by cupferron 162 

in bearing metal 243 

brass 201 

bronze 230 

ferro-manganese 163 

ferrous ammonium sulfate 105 
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Iron, determination in ferrum reducium 

hematite iM5 

spathic iron ore 555 

limonite 591 

manganese ores hB 

presence of oxide ooG 

silicates 433, 440, 446, 447 

of copper in • 

titanium in 1-7 

dissolved by potassium cupric chloride solution 325, 374 

ore, determination of vanadium and chromium in ^ 

pyrophoric ; • • • 

separation from alkaline earths and magnesium 


m 

113 


aluminum 

and phosphoric acid - 117 

1 io 

chromium ^ 

manganese 1^^> 1^®’ 1^* 

nickel, cobalt and zinc loo, 158, 160 

metals of Group II ^ 

nickel ^ 

phosphoric add 

titanium ^^’139 

uranium 

zirconium 

volumetric determination by the ceric sulfate method ^ _ 

dichromate method ooo, oyi 

iodometric method 

permanganate 103, 550, 552, 554, 555 ^ 

stannous chloride 

titanous chloride 

wire, determination of apparent iron value - ^ 

standardization of permanganate with. 


Jones reductor, use of . 


Kipp generator, modified form. 


K 


553,554,565, 576 


219 


45,46 


ratory hood 491 

1 ^ 

... 673 

' ’ ‘ iiaar) ond arsemc in 


Laboratory hood . . • 

Lacmoid . 

arsenate, determination of lead and aisemc m . . . 203, 674 

determination as chromate 241, 2« 

in bearing metal 201 , 202, 203 

brass ' _ . ^2 

bronze , 674 

commercial lead arsenate 

white lead * * 
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Lead, determination in ores 669, 670 

red lead 567 

dioxide 567 

electrolytic determination as peroxide 188, 201, 203 

oxide method for decomposing silicates 430 

separation from arsenic, antimony, and tin 228, 229 

bismuth 204, 207 

cadmium 207 

copper . 206, 207 

mercury 204 

metals of Groups II, IV, and V 200 

molybdenum 276 

peroxide, analysis of 567, 620 

sulfate, separation from barium sulfate and silica 186 

volumetric determination by molybdate 669 

Length, units of 784 

Lepidolite, analysis of 446 

Lime, chloride of 360, 595, 615, 649 

Lime method for determining halogens in organic substances 306 

volumetric analysis of commercial 515 

Limonite, determination of iron in 591 

Liquids, evaporation of 44 

transfer of 43 

Liter, definition of 461, 784 

Litharge, testing of 256 

Lithium 69 

determination in lepidolite ; 446 

indirect determination of 71 

separation from phosphoric acid 399 

sodium and potassium 69 

solubility of the perchlorate 63 

Litmus 492 

Logarithms, tables of 800-S02 

Lunge-Rey pipet 521 

M 

Macroscopic examination 53 

McKenna ore grinder 52, 432 

Magnesia mixture, preparation of 209, 391 

Magnesium 79 

determination in dolomite or limestone 91 

silicates 435 

with 8-hydroxyquinoline 82 

separation from alkalies 83 

barium 93 

calcium 90 

metals of Group II 200 

Group III 113 

strontium 92 

Mandarine orange indicator 486 
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Manganese 

colorimetric determination 

determination after removal of iron with cupferron 


in bronze 4 ,^ 

ferro-manganese 

iron and steel: 

by bismuthate method ,359 

colorimetric method I39 

Pattinsords method 594 

persulfate method .yji 

Volhard’s method 5,-9 

Williams’ method “>»>•> 

- . - . 502 

evaluation of pyrolusite 

separation from alkaline earths and magnesium |,y3 

lo5, 15S, loO, 160, Itk*} 

metals of Group II 201) 

Group III 15,-, 

Group IV 153 

nickel and cobalt lOS, 171 

phosphoric acid St}9 

trivalent metals 155, 15S, ifK) 

zinc 105 

sulfate solution for Zimmermann-Reinhardt titrations 552 

volumetric dete:mination 557, 559, 561, 562, 564, 594 

Mass, units of 7S4 

Measuring flasks 461 

calibration of 46S 

for gas analysis 6S7 

instruments 460 

Measurements, Precision of 21 

Mechanical ore grinder 52, 432 

Meker burner 43 

Melting points 77S 

Melts, removal from the crucible 430 

Membrane filters, use of 150 


Mercuric chloride solution as reagent 

cyanide, determination of cyanogen in 

Mercury 

determination in organic substances 

electrolytic determination , 

ores, analysis by Eschka’s method 

purification of 

separation from arsenic, antimony, and tin 

lead, bismuth, copper, and cadmium 
metals of Groups II, IV, and V . . . . 

selenium and tellurium 

weight of one milliliter 

Metal borings, removal of oil from 


ISl 

182 

184 

228 




846 


INDEX OF SUBJECTS 


PAGE 

Metallic iron, determination in presence of oxide 55^ 

Metals, sampling of • 53 

Metaphosphoric acid • 389 

Methane , 715 

absorption coefficient for water 7lg 

determination in gas mixtures 720, 721, 727 

heat of combustion 777 

separation from hydrogen 727 

carbon monoxide and hydrogen 721 

Methods, gravimetric 55 

volumetric 460 

Methyl orange 486 

red 485,489 

Metric and other units of measurement 784, 785 

Milli-equivalents, molecular weights and solubility in water of important in- 
organic substances 781-783 

Milliliter 460 

Mineral waters, determination of hydrogen sulfide in 631 

Minium (red lead), volumetric determination of 567 

Mispickel, determination of arsenic in 217 

Mixing and coning 52 

Mole, definition of 474 

Molecular weights of important inorganic compounds 781-783 

Molybdenite, determination of molybdenum in 582 

Molybdenum 273 

determination in ores , 582 

steel 27 lS, 295 

residues, recovery of molybdenum from 397 

separation from the alkalies and alkaline earths 275 

arsenic 276 

metals of Groups II and III 276 

phosphoric acid 276 

tungsten 284 

vanadium 293,614 

Molybdic acid, gravimetric determination 273, 27<S, 389 

volumetric determination . . , , , ^ (J14 

Molecular volume, pound and gram , , , 785 

jjljjpflSSbi(^al il; 

zite, determination of yiorium in 452 

luffle furnace 252, 253 

Munroe crucible 37 

N 

\ Nernst formula for electrode potentials 496 

139 

nation in arsenical sulfide ores ]()3 

brass 201 

steel 171,067 

^tic determination 140^ I43 

on from alkaline earths and magnesium . . .T 153 
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Nickel, separation from cobalt 

iron 

■ aluminum, chromium, titanium, and uranium 

• ■ manganese _ 

zinc 

volumetric determination 

Nickel-chromium alloy for crucible triangles 

Niter, testing the oxidizing power of 

Nitric acid 

density of 

determination as ammonia 

nitric oxide 

nitrogen pentoxide 

nitron nitrate 

in drinking water 

normal solution of 

volumetric determination 

Nitric oxide ; 


absorption coefficient for w'ater 

combustion in presence of carbon monoxide 

preparation of 

separation from nitrous oxide 


and nitrogen 

nitrogen, and carbon dioxide . 

a-Nitro-jS-naphthol, separation of nickel and cobalt 

"^irogeh, determination by Dumas method 

X m ■! I i -n I Kjeldahl method . 

properties and method 


separation from nitrous and 

Nitrometer for determining nitric and nitrous 

Nitron 

Nitrous acid, colorimetric determination 

determination as nitric oxide . . . 
volumetric determination 
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oxide 

determination in the presence of nitric oxide 


Q:-Nitroso-|3-naphthol, separation of nickel and cobalt 

Norm or equivalent weight 

Normal concentrations 

oxidation-reduction • potentials 

solutions •' 

of barium hydroxide 

hydrochloric acid 

nitric and sulfuric acids 

oxalic acid 


’ 

and nitrogen 7^ 

nitrogen, and car- 
bon dioxide 737 
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. m 

541 

101,473,478 

507 

502 

504 
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Normal solutions of sodium hydroxide 505- 

preparation of 478^ 

standardization in acidimetry and alkalimetry 499, 50t> 

volume and temperature 461 

Normality of standard solutions 788 


O 

Cil, removal from borings 

Oleum, analysis of .• 

Orange III indicator 

Ore grinder 

Organic acids, titration of 

substances, determination of carbon in . . 

chlorine in , 
hydrogen in 
nitrogen in . 
sulfur in . . . 

Orsat apparatus 

Orthoclase, analysis of 

Orthophosphoric acid 

volumetric estimation of . . . 

Oven for drying 

Oxalic acid 

for standardizing permanganate 

tenth-normal solution of 

volumetric determination of 

Oxidant 

Oxidation as a result of fine grinding ^ 

methods • ■ .T . 

theory of 

Oxidation-reduction potentials . 

thef^ .. 

Oxine, trivial Uj^^^^jLfi^^'d-hydroxyquinoline 

Oxvaen. j 

.m illuminating gas 

dissolveJSiir^ter, determination 

presence of hydrogen in 

jzone, determination of 
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. . . 375, 379 
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337 

730 

431 

390 

528 
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385 

547 

504 
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51 

543 

. . . 537, 551 

543 

537 
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702 

. . . 720, 726 

704 

377 

620 


PMau 

Palladium 

-asbestos, preparation of . ... 

colloidal, use of 

separation from platinum . . . 

Paper filters 

plaited 

Paris green, determination of arsenic in 

Parting of gold-silver buttons 

Partition, law of 
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713 

267 

28 

29 

676 
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Peligot tubes. . . : ! 

Percarbonates, analysis of 

Perchlorates, decppaposition of ■. 

solub&y of 

Perchloric acid 

determination in the presence of chloric acid -lui 

presence of hydrochloric acid 410 

Perhydrol • * 225, 22 1 , 

Periodic acid (and .ppriodates) 

Permanence of ammohiacal copper solution : ^ 701 

permanganate solutions ^9 

sodium thiosulfate solution 508 

Permanganate methods 

solution, permanence of . 

preparation of 

standardization of 101? 10‘-> 

titration in hydrochloric acid solution 

uses of 

Peroxides, analysis of 

Persulfate method for determining manganese 

Persulfuric acid (and persulfates), analysis by permanganate 

potassium hydroxide 

titanous chloride 649 

482,498 

Fh or hydrogen exponent 

at the end point ..... * 

Phenol, volumetric estimation ofX^.j 

Phenol red indicator _ ‘ 4 g< 

Phenolphthalein 22*. ^ 

Phosphor bronze, analysis of 


546, 751 
550 
550 

, 610 , m 

564 


Phosphoric acid . 


474,# 



behavior toward methyl orange » 

phenolphthalein 

density of solutions of 
determination in apatite . 

alkali phosphates 
calcium phosphate 

mineral water 

silicates 

ionization constants of ’/ v” 

separation from alkaline earths and alkalies 
chromic acid 

iron and aluminum 

ir'"*^^als of Groups I, II, and III * 


483, 


117, 


12 

21 


titanium . . 
vanadium . 
volumetric determination. . 


Phosphorous acid — ^ presence of hypophosphoro: 
Phosphorus, determination in apatite 


40 
193 
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jmination in bronze • 232^ .233, 394 

iron and steel * 394, 396, 529, 576 

organic substances ; . . 398 

. ' lead 

460 

...nof’V 467 

■ jorbing gases '^24j 725 

. 563 

^59 

action of ferric chloride on 116 

analysis of commercial platinum 262 

brass cone lined with 45, 46 

capillary for use in gas analysis 687, 709 

df'^iiinination in alloys 261 

properties and care of 40 

removal from solution after fusion in crucibles 433 

separation from gold and silver 261 

palladium . . 267 

sponge for a filtering felt 37 

triangles 41,42 

Poirrier’s orange 486 

Pdicemen. 31 

Polythionates, titration of 528 

Portland cement, analysis of 438 


phthalate, standardization of bases wim 500 

-"e as a standard in iodom^y*:' 602 

: • *^,8 a standard inj^<ig^try 602 

;,."^hod for -ij^^i^^aming alkali sulfides 632 

arsenic 627 

/ antimony 629 

I thiocyanic acid 633 

y tin 629 

■ solution as reagent 325, 374 

;tion as chloroplatinate 58, 59 

perchlorate 62 

in silicates 68, 436, 437 

dichromate, determination of chromium in 112 

potassium in 56, 57 

Palai methods 586 

solution 475, 586, 60 1 

hydroxide solutions, density of 772 

^ indirect determination 71 

w iodate as a standard ^in iodometry. . r.' 602 

Paper fiu^Sjj^i^arbonato, analysis of *. 571 

P^^'4$rate, solubility ^3 

Paris green, deterniganate methods 543 

Parting of gold-sih solution 101, 475, 546, 752 

Partition, law of . analysis of 572 

late solution 603 
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Potassium, separation from lithium 

phosphori(‘ acid . . 

sodium 

Potentials, oxidation-reduction 

■ Pounds per gallon and specific gravity tables 

Pound-molecular volume 

Precision of Measurements 

Precipitates, adsorption by 

drying and igniting of 

filtration and washing of 

method of igniting when wet . . . 

Precipitation analyses (volumetric) 

Preparation of the substance for analysis ... 

Primary states of oxidation 

Probable error in analyses 

Producer gas, analysis of 

Propylene, heat of combustion of 

Protoxides, separation from the sesquioxides . 

Prussian blue, analysis of 

Prussic acid (see Hydrocyanic acid). 

Pulp balance 

Pyridine bases, titration of 

Pyrite, determination of sulfur in 

Pyrogallol solution, preparation of 

Pyrolusite, analysis of 

Pyrophosphoric acid 


Q 

Quartation 

Quartz triangles 

Quicklime, volumetric analysis of 

H 

Reagents and glassware 

Recrystallization ^ 

Red lead (minium), analysis of 

Reductants 

Reduction methods of volumetric analysis . 

of ferric salts - 

potentials, normal - 

weighings to vacuo 

Reliability of a result 

Resorcin blue as indicator 

Rhotanium 

Rose crucible 

Rubidium 

S 

Salting out method for jirecipitating zinc. , 
Salts, hydrolysis of 
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Sample, crushing the 52, 431 

cutting or dividing 53 

Sampling a shipment of ore 51 

metals 53 

Segregation in metals 54 

Selenium 268 

catalyst in Kjeldahl digestion 77, 78 

determination in crude copper 273 

separation from antimony, tin and arsenic 271 

gold and silver 272 

mercury 272 

metals of Groups II, III, IV, and V 270 

tellurium 272 

Selenious acid 268, 340 

Sensitiveness, or sensibility, of the balance 6, 9 

Sesquioxides of Group III 95 

separation from the protoxides 155 

Significant figures in computations 23 

Silica, separation from tungsten 289 

testing the purity of 428 

triangles for platinum crucibles 42 

SOicates, analysis of 427, 430 

decomposable by acids 427 

decomposition by boric acid 430 

lead oxide 430 

determination of alkalies in ’ 68, 436, 437 

' - ferrous iron in 446 

water in 454, 457 

not decomposable by acids 429 

" Silicic acid, determination in clay 449 

orthoclase V 433 

Portland cement 439 

Silicon, determination in iron and steel 444 

fluoride 752 

Silver ^ 297 

chloride, solubility of 297 

determination in alloys . . ; 251, 298, 652 

ores (see Gold) 255 

electrolytic determination 298 

separation from gold 254 

other metals 298 

selenium and tellurium 272 

volumetric determination 651, 652 

Sodium 58 

arsenite solution, preparation and stability of 603, 604 

bicarbonate for standardizing, acids 499 

carbonate, bicarbonate and hydroxide . • 512 

determination in silicates 436,437 

hydroxide solutions, density of ■ 772 

determination in caustic soda solution 508 
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Sodium hydroxide, determination in commercial caustic ^da *4)7 

normal solution of 

preparation of a solution free from carbonates ^ 

indirect determination of y/ iM) 

oxalate, for standardizing acids \im 

permanganate 

perchlorate, solubility * 1*3 

peroxide-sugar carbon fusion ’ 593 

separation from lithium liq 

phosphoric acid 

potassium 

soda ash, determination of alkaline strength .510 

succinate method of separation |f>o 

thiosulfate solution, as a precipitant 

for standardizing iodine 

' normal solution of 50S, 509 

tungstate for absorbing boric acid 3gt) 

Sol and gel conditions of colloids 28 

Solubility in water, molecular weight and milli-ecjuivalents of important in- 
organic substances . 7S1-78S 

product^ 1Q5 

of sulfides 165,166 

Solution of sulfides, explanation of the process KK) 

Solutions, standardization of 479 

Soxhlet fat extraction apparatus 230 

Spathic iron ore, analysis of 555 

Specific gravity, Baum4 and pounds per gallon tables 759, 760 

Spiral for evaporations in a crucible 45, 47 

Split shovels 53 

Spotty ores 

Standardization of solutions . ; • 479 

Stannic chloride, analysis of 300, 519 

Starch solution 597 

sensitiveness of 59S 

Statical moment of a balance 10 

Steel, determination of carbon in 361, 367, 372, 374 

chromium in 577, 578, 5^ 

chromiinn and vanadium 294 ^ 

copper in 

manganese in 139, 559, 562, 564 

molybdenum in - . * 278 

nickel 

phosphorus 394, 396, 529, 576^ 

silicon in - • • • ^ 

sulfur in 323, 324, 325, 3!^, 636 

titanium in 127, 1^ 

tungsten in 2^ 

zirconium, aluminum and titanium in 

Stibnite.^ determinate of antimony in 

Streak of gold alloys — * ’ • 
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Strontium , 87 

separation from barium • 94 

calcium ^ .... 93 

magnesium 90 

metals of Group II 200 

Group III .: 113,153 

phosphoric acid 399 

Siibstitution, weighing by ' :..... 10 

Sulfide, determination in the presence of hydrosulfide and thiosulfate . . . 633, 634 

sulfates 337,416 

thiosulfate. 637 

theory of solubility in acid 165 

titration of 632 

Sulfo-acids 208 

separation from one another : 233 

Sulfo-bases ; 181 

separation from one another ; 204 

other elements 2 C 0 

Sulfocyanic acid (see Thiocyanic acid) 315 

Sulfur, colorimetric determination 326 

determination in insoluble sulfides 327, 332, 333, 334, 336 

iron and steel 323, 324, 325, 326, 636 

mineral waters 631 

organic substances 337 

pyrite 327, 328, 332, 333, 334, 336 

sulfides soluble in acids . 322 

water 321 

'on^xide, from pyrite burners 74.3 

gravimetric determination 339 

physical properties of 743 

volumetric deternoination 527, 63S, 743 

removal from precipitated sulfides 182, 190, 221 

volumetric determination 630, 660, 661 

Sulfuretted hydrogen (see Hydrogen sulfide and Sulfur). 

Sulfuric acid 411 

density of.. 768,770 

determination of arsenic in 236 

in the presence of sulfides 337, 4 16 

insoluble sulfates 415 

Portland cement 444 

j, ionization of 493,495 

normal solution of 5 O 4 

preparation of concentrated acid of definite strength 523 

volumetric determination of 518 , 660, 661 

anhydride in fuming sulfuric acid 522 

Sulfurous acid ' 339 

behavior toward ii^lyl orange 488 

volumetric determimtion • 527 638 

Sulfhydrates (see Hydrosulfides) e ; ' 634 

Swings, weighing by the method of 
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Tables.. ! ^ 

Tannin, rea,gent ^Oif-W2 


use in quantitative analysis 

Tantalite, analysis of .... .• 

Tantalum, precipitation by tannin. . . . : 

separation , from aluminum, zireonium," thorium,' ■uranium' 

beryllium . 

columbium 

titanium 

Tare 

Tartar emetic, analysis of 

Tartaric acid 

Telluric acid, iodometric determination of 

Tellurium 

determination in crude copper 

precipitation with sulf urous acid 

separation from antimony, tin, and arsenic 

copper, bismuth, and cadmium 

gold and silver 

mercury 

metals of Group II 

Groups III, IV, and V 

selenium 

volumetric determination 

Tellurous acid (see Tellurium) 

Temperature correction for hydrometer tests with sulfuric acid 

volumetric solutions 

estimated by colors on heating 

normal in volumetric work 

Temporary hardness of water • 

Testing of weights 

Tetrahedrite, analysis of 

Thallium, determination of 

Theory of oxidation-reduction 

Thermo-regulator for drying ovens 

Thermometer scale, absolute 

Thioacids 

Thiocyanic acid 

separation from halogen hydride 

hydrocyanic acid 

Thiosulfate solution, standardization of 

Thiosulfuric acid 

determination in presence of sulfide and hydrosulfide . 

Thorium, determination in monazite ■ 

precipitation by tannin 

separation from cerium ^ 

titanium, columbium and tantalum 

zirconium. . . ." 

Thymol blue indicator 

Tin 


. . 175 

. . 175 

458 

lifj 

ad 

.. 177 

.. 178 
. . 178 

10 

. . 628 
. . 3S9 
.. 612 
.. 260 
.. 273 

. . 269 
.. 271 

.. 270 
.. 272 
.. 272 
.. 270 
270 
.. 272 

. . 612 
269, 340 
773 


.. 517 

15,18 
.. 329 
.. 298 
.. 537 

.. 35 

.. 785 
208,233 
. . 315, 
316,659 ■ 
... 659 
... 599 
4(X),527 
.. 637 ^ 

... m 

. . . 176 
452,453 
, . . 177 
... 127 
... 485 

,, m 



856 


INDEX OF SUBJECTS 


PAGE 

Tin, determination in bearing metal 245 

brass 200 

bronze 223,231 

tin chloride 300,519 

-plating baths 646 

separation from alkaline earths and magnesium 228 

antimony 238, 245, 249 

arsenic and antimony 246-^49 

mercury, lead, bismuth, copper, and cadmium 226, 229 

metals of Group III 228 

phosphoric acid 232, 233 

selenium and tellurium 271 

silicic acid 289 

tungsten 288 

volumetric determination with ferric chloride 646 

potassium bromate 629 

Tirrill burner 43 

Titanium 105 

colorimetric determination 106 

determination in ferro-titanium 126 

iron and steel 125, 127 

rocks 107 

titanium-iron ores 124, 164, 585 

precipitation by cupferron 164 

tannin 176 

separation from alkaline earths 113 

aluminum 121, 177 

beryllium 177 

iron 120, 164 

aluminum and phosphoric acid 164 

manganese, nickel, cobalt and zinc. , 155, 158 

tantalum and columbium 178 

thorium 177 

uranium 177 

zirconium 127,177 

volumetric determination 585, 648 

Titanous chloride, as reagent in volumetric analysis 647 

, Titer of a solution 460 

Total carbon in iron and steel 361, 367, 374 

Transfer of liquids 43 

Transposition weighing 11 

Triangles 42 

Tropaolin D indicator 486 

Tungsten 279 

bronzes, analysis of , 287 

determination in ores 282 

steel 282 

precipitation by tannin 179 

separation from molybdenum ^ 284 

silica r 289 

tin - ^ 28P 



INDEX OF SUBJECTS 


8*5 1 


Units of length, area, volume, capacity and ; 

Uranium 

precipitation by tannin 

separation from alkaline earths and magnesium ' 


aluminum and iron 1^2 

beryllium 13 j 

metals of Group II 2 (X) 2*^8 

nickel, cobalt, manganese and zinc _ 155 

titanium, tantalum, and columbium 177 

volumetric determination 5155 

Uranyl acetrte solution 1^*3 

Useful data concerning inorganic substances 781-7S3 


V 


Vacuo, reduction of weighings to . . . 

Valve, Bunsen 

Contat-Gockel 

Vanadic acid, iodometric titration of 
Vanadium 


12 


99, 548, 566, 572, 574, 629 

549, 567 

613 


2 ^ 


determination in ores and rocks 294 

steel. 295, 5Sr 

precipitation by cupferron 16»^ 

separation from arsenic 292 

molybdenum 293,614 

phosphoric acid 293 

volumetric determination 575, 613 

Volume, normal 461 

units of 784 

Volumetric analysis 460 

, general method of computing results 4S0 


W 

Wall paper, determination of arsenic in 

Wash bottle. 

Washing precipitates 

Water bath. 

Water, density at different temperatures. . , 
determination of absorbed oxygen in . . 

ammonia in 

hydrogen sulfide. in. 

in fluosilicates 

lepidolite 

silicates. 

distilled 

gas, heat of combustion of 

hardness of 

ionization constant of 

vapor, determination in gas mixtures 
tension of 
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Water, weight of 1 cubic foot 758 

1 gallon 758 

Weighing G 

by substitution — 10 

swings ■ - 8 

double or by transposition 11 

reduction to vacuo 12 

samples of factor weights 20 

steel ; 

Weight burets ' , , i 

units of 

Weights, tolerances of 

calibration . 15, 18 

Wet precipitates, method of igniting 38 

White lead, analysis of 347 

Woocls metal, analysis of ■ 228 

Wulfenite, determination of molybdenum in 532” 

Z 

Zinc : : 14G 

determination in bearing metal 241 

brass 20' 

bronze 2 

ores 

‘ electrolytic determination ' 

separation from. alkaline earths and magnesium 3 

metals of Group II . 2(^ .8 

nickel 170 

cobalt, and manganese 1(55 

phosphoric acid 399 

trivalent metals of Group III 155, 158, 160 

volumetric determination with ferrocyanide 071 

Zircon, analysis of 449 

Zirconium, determination in steel 128 

precipitation by cupferron. 123, 1(52, 165 

tannin 176 

separation from Fe, Al, Or, Ti, Ce and Th 127 

Mn, Ni, Co and Zn 155 

Ti, TaandCb 177 



